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prepared by Richard D. Chandler 


Survey Personnel : Richard Chandler (BIC), Prank Smith, Dennis Stadel, 

F.C. Thompson, Robert Tuxson, Mike Scanlon, Vince Bass 

Support Vessels : USS GEORGE EASTMAN, Y-AG 39; LT 2086; LT 2087 . 


Itinerary: 


16 April 

• 

O 63 O 

16 April 

O 83 O 

17 April 

• 

0800 

17 April 

1200 


17 April 

" 1800 

18 April 

1600 

20 April 

0800 

22 April 

0800 


Begin Grid observations from YAG 39 

Transfer Tuxson from YAG 39 to LT 2086, 

Stadel & Scanlon to LT 2087* 

Tuxson & Bass land on Baker with LT 2086 
remaining offshore. 

♦ 

Stadel & Scanlon land on Howland with LT 2087 
remaining offshore. YAG departs for Grid 
observations Western half. 

Tuxson and Bass depart Baker 

Tuxson & Bass land on Howland 

Island personnel depart Howland for duplicate 
Grid observation aboard LT f s 

3 vessels rendezvous 5 miles N. of Howland 
Tuxson & Scanlon return to YAG 39* Stadel 
remains on LT 2087 for duplicate Grid ob¬ 
servation. 


A team of seven conducted a 6 -day survey of the Southern grid area, 
including a one day survey of Baker Island and a 3 -day survey of Howland 
Island (see separate reports). This report summarizes the at-sea ob¬ 
servations in the grid area from 16-22 April. This, the l 6 th and last 
survey of the current series departed from past cruises in that three 
support vessels were available simultaneously. This allowed for Improved 
coverage of the pelagic area; roughly a two-fold increase over most pre¬ 
vious surveys. Fifteen of the 16 square subdivisions were covered during 
diurnal hours with an average of 86 miles of observations per area® Over 
the 1,289 total diurnal miles 4,046 birds of 25 species were recorded. 

The overall linear density (birds/linear mile) of 3*1^ was roughly l/2 
the densities determined in surveys 14 and 15 (Jan. & Feb.) Sooty Terns 
accounted for 9^-»7 percent of all diurnal observations« Sooty Tern 
densities were high (above overall average) in southern areas, JKLMOo The 

Sooty Tern density for area G (Howland - Baker section) was below the over¬ 
all average quite unlike previous surveys. This reflects the marked 
"dispersion" from the breeding colony on Howland. The concentric circle 
densities also demonstrate that Sooty Terns were not localized around the 
Howland area: Area O- 3 O miles = 1•55 Area 30-60 = 3*5? Area 60-110 = 2.3J 













Area greater than 110 = 3.4-. The region of highest Sooty Tern density 
was in section 0, 120+ miles south of Howland. Almost one-third of the 
Sooty Terns observed on the Grid were found along the 14-7 miles of cover¬ 
age in section 0 (linear dens. = 8.2). The shearwater/petrel abundance 
rose from the January and February surveys but still only accounted for 
1.6 percent of the total birds (l8.4 percent of the non Sooty Tern total). 
Storm Petrels accounted for 21.9 percent of the non Sooty Tern total and 
were distributed rather evenly over the grid area. The booby group was 
notably low, accounting for only 1.4 percent of the total birds and 16.1 
percent of the non-Sooty Tern total. Frigates were localized around the 
Howland area where two thirds of the sighting were made. Frigates 
accounted for 35*1 percent of the nonSooty Tern total. 

Weather conditions moderated considerably after the January and 
February cruises. Gentle 4-8 knot NE/E wind on the l6th gradually in¬ 
creased during the 6 days to 15-18 knots. Ten of the 15 "square" areas 
were covered diurnally on a course of 270°T allowing for optimum, with- 
the-wind, observations. Observing conditions were excellent - very good 
throughout the survey. 

The seven personnel were split into three parties to man the three 
vessels. When two or three ships were traveling together a minimum 
separation distance of six miles was maintained in order to insure 
statistically independent observations. Diurnal observations and 
collections were made from the two LT's on parts of five days. Round the 
clock observations from the EASTMAN were made for six days. 

v 

Excellent cooperation and assistance was extended from the support 
vessels T personnel. 

SPECIES ACCOUNTS 

Sooty Shearwater Total Observation 7 

Slender - billed Shearwater Total Observation I 

Sooty or Slender - billed Shearwater Total Observation 8 

These are the first birds recorded since the fall peak faded out in 
November 1966 . Only one bird was observed inside the 60-mile circle. 
Undoubtedly these are straggling birds from a main migration route to the 
east . 

Wedge - tailed Shearwater Total Observation 24 

Most birds recorded on the survey were seen from the LT k s. The lower 
observation height may give a better opportunity to spot this dark species. 

Pink-footed (?) Shearwater Total observation 1 

* ^ 

A bird which resembled an intermediate phase wedge-tail in color pattern 
was thought to be this bird. After seeing Pink-foots in other areas I am 

more doubtful of this identification. The species has not been recorded 
before from the Grid and should not be added to the list of Grid accident 




























Total observation 


1 






» 





on the strength of this observation. 
Pale-footed Shearwater 


This casual species has not previously been recorded in the spring. 

Mottled Petrel Total observation 1 

The single bird was apparently all that was noted of this migrant 
species which is usually present at this time of year. 

Phoenix/Tahiti Petrel Total observation 2 

These birds occurred in the usual low numbers. My guess is that 
the Phoenix Island Petrels in the Grid are from the large Christinas 
Island colonies. I suggest that birds move west along the 5°N boundary 
area and disperse from there to the south. 

Pterodroma sp Total observation - 7 

Only one bird was designated as large or small. It was a White-wing/ 
Black-wing type. 


Bulwers Petrel Total observation 

Only one bird, seen with the Sooty flocks in the south was 
Leachs Storm Petrel Total observation 

The four White-rumped Storm Petrels collected were Leachs. 

Red - billed Tropicbird Total observation 


1 

counted. 

75 

1 


An unidentified tropicbird seen south of Howland was likely this 
species. The breeding population on Howland was beginning to rise 
slightly which should mean a more noted increase of grid birds during May. 
The one positive identification was in area F to the igest of Howland. 


Blue - faced Booby Total observation 47 

Red - footed Booby Total observation 3 

Brown Booby Total observation 5 

The expected concentration of boobies near the islands was noted. 
Blue-faces straggled out smoothly to greater than 110 miles. A single 
Red-footed immature was over 100 miles from Baker in the highly populated 
area 0. . • 

Frigates . Total observation 120 


Two-thirds of the birds were seen in a couple of swirls north of 
Howland circling with no apparent prey species in evidence. Ninety-four 

percent of the records were in flocks. 




























Skua 


Total observation 


2 


Pomarine Jaeger 


Total observation 


1 


Ruddy Turnstone 
Wandering Tattler 


Total observation 


2 


Total observation 


1 


The Tattler was over 110 miles from the islands, and ought to be 
taken as a sign of general shorebird movement. 


Total observation 3>70^ 


Sooty Tern 


The heavy concentration in the waters far south of the colony on 
Howland to the exclusion of the more usual off-Howland or off-Baker 
regions may indicate a shortage of food in the past used areas. A 
number of whale and porpoise sightings were noted with Sooty Tern feeding 

flock. 

* 

Gray - backed Tern Total observation 2 

■ White Tern Total observation 12 


Blue-gray Noddy 


Total observation 


1 


Of these three caaual Terns, the White is usually the most regular. 






















TABLE 1. SUMMARY OF SOUTHERN GRID OBSERVATION SURVEY #16, 16-22 April 1967- 


Diurnal 


Date _ Vessel _ # Miles _ #Hours _ # Birds _ # Species 


April 

iir 

YAG 39 

107 

12-3 

821 

8 

16 

LT 2086 

87 

9-9 

136 

6 

16 

LT 2089 

89 

10.1 

4 18 

9 

17 

YAG 39 

64 

9.8 

138 

7 

17 

LT 2087 

k2 

4.1 

38 

6 

. 18 

YAG 39 

112 

12.1 

462 

8 

19 

YAG 39 

107 

12.2 

254 

6 

20 

YAG 39 

126 

12.2 

129 

7 

20 

LT 2086 

79 

8.3 ■ 

558 

9 

20 

LT 2087 

79 

8.3 

346 

7 

21 

YAG 39 

102 

12.1 

9 

4 

21 

LT 2086 

87 

10.1 

268 

3 

22 

YAG 39 

68 

7-7 

'248 

4 . 

22 

LT 2087 

59 

6.8 


5 

15 days 


1289 

85 /day 

146.1 , 
9-7/day 

4o46 

270 /day 

25 

6 . 3 /day 

April 


Nocturnal (YAG 39 Only) 

# Miles # Hours 

# Birds 

# Species 

16-17 


07 

11.9 

8 

2 

17-18 


113 

11.9 

5 

1 

18-19 ' 


104- 

11.9 

5 

2 

19-20 


98 

11.9 

5 

2 

20-21 


107 

11.8 

4 

2 

21-22 


82 

11.8 

5 

2 

6 nite 


591 

/nite 

71.2 

11 . 9 /nite 

32 

5 . 3 /nite 

3 

1 . 8 /nite 




















TABLE 2. DIURNAL DENSITY OF SPECIES GROUPS, 

SOUTHERN GRID SURVEY #16 
16-22 April 1967. 


Species Group 

# Birds 

Birds/Sq .Mi. 

Est. Pop. 
for 54,000 Sq.Mi. 

$ Total 
Birds 

Shearwater 

.,42 

.016 

860 

1.0 . 

Pterodroma 

, 17 

.004 

220 

0.4 

Shearwater/Petrel 

63 

tr\ 

CVJ 

O 

9 

1400 

1.6 

Storm Petrel 

75 

CO 

0 

• 

3100 

1.9 

Procellariiformes 

138 

.104 

5600 

(3-4) 

• 

Tropicbird 

4 

.0008 

40 

0.1 

Booby 

55 

.021 

1100 

1.4 

Frigates 

120 

.020 

1100 

3-0 

Bird sp and 

Misc . Charadriiformes 

16 

.003 

160 

•3 

Tern 

3719 

V 

.96 

52,000 

92.1 


Totals 


4046 


1.10 


59,000 


103.4 











TABLE #3. DIURNAL ABUNDANCE OF SPECIES 
SOUTHERN GRID SURVEY #16 
16-22 April 1967 


Species 


# Birds 


Linear 

Density 



Total 


Sooty Shearwater 
Slender-billed Shearwater 
Sooty/Slender-billed Shearwater 

Sub Total 

Wedge-tailed Shearwater 
Pink-footed Shearwater 
Pale-footed Shearwater 

Total Shearwaters 

Pterodroma Externa 
Mottled Petrel 
Phoenix/Tahiti Petrel 
Small Pterodroma sp 
Pterodroma sp• 

Total Pterodroma 

Bulwers Petrel 
Shearwater/Petrel 

Total Shearwater/ 
White-rumped Storm Petrel 


Red-tailed Tropicbird 
White-tailed Tropicbird 
Tropicbird sp 

Total Tropicbirds 

Blue-faced Booby 
Red-footed Booby 
Brown Booby 

Total Booby 


Frigates 

Skua 

Pomarine Jaeger 
Wandering Tattler 
Ruddy Turnstone 

Total Misc 


Charadriiformes 


Sooty Tern 
Gray-backed Tern 
Fairy Tern 
Blue-gray Noddy 

Total Tern 


Bird sp 


7 

.005 

.2 

1 

.001 

.02 

' 8 

.006 

.2 

16 

.012 

.4 

24 

.019 

.6 

1 

.001 

.02 

1 

.001 

.02 

42 

.032 

1.0 

4 

.003 

.1 

4 

.003 • 

.1 

2 

.002 

.05 

1 

.001 

.02 

6 

.005 

•15 

17 

.013 

.4 

1 • 

.001 

.02 

3 

.002 

.07 

63 \ ' 

.049 

1.6 

75 

.058 

1.9 

138 

- .107 

3X 

X 

.001 

.02 

2 

.002 

.05 

1 

.001 

.02 

4 

.003 

.10 

47 

.036 

1.2 

3 

.002 

.07 

5 

.oo4 

.12 

55 

.042 

1.4 

120 

.093 

3-0 

2 

.002 

• 05 

1 

.001 

.02 

1 

.001 

.02 

2 

.002 

.05 

6 

.005 

•15 

3704 

2.868 

91-7 

2 

.002 

.05 

12 -' 

.009 

.30 

1 

.001 

.02 

3719 

2.877 

92.1 

4 

.003 

.1 


Grand Total 


4046 


3.14 


"100 


# Non Sooty 
Total _ 

2.0 

0-3 

2-3 

4.7 

7.0 

0-3 

0.3 

12- 3 

1.2 

1.2 

0.6 

0-3 

1.8 

5-0 

0.3 
0.9 
18.4 
21-9 ■ 
40.3 

0.3 

0.6 

0.3 

1.2 

13- 7 
0.9 
1.5 

16.1 

35-1 

0.6 

0.3 

0.3 

0.6 

1.8 


0.6 

3-5 

0.3 

4.1 

1.2 

"100 $" 



























TABLE #4. NOCTURNAL ABUNDANCE OF SPECIES 
SOUTHERN GRID SURVEY #16 
16-22 April 1967 


Species 

# Birds 

Linear Density 

White-rumped Storm Petrel 

5 

.008 

Blue-faced Booby 

4 

• 

O 

' O 

-O 

Sooty Tern 

22 

•037 

Bird sp 

Total 

1 

.002 

32 

•053 


TABLE #5 . COLOR MARKED BIRD SIGHTINGS 
SOUTHERN GRID SURVEY #l 6 
16-22 April 1967 

Distance 

Species _ Date Latitude Longitude Marking _ from Origin 


Sooty Tern 22 April l o 01'N;176°45'W 


# Blue Streamer 


13 miles 












Group or 
Species 


TABLE #6. COMPOSITION OF FLOCKS 
SOUTHERN GRID SURVEY #1 6 
16-22 April 1967 


# in 
Flocks 


of all 
Flocks Birds 


$ of Groups Found 
in Flocks 


Wedge-tailed Shearwater 

13 

•3 

54 

Pterodroma sp 

4 

0.1 

66 

Shearwater/Petrel 

2 

.05 

66 

All Shearwater/Petrels 19 

0-5 

30 

Storm Petrel 

4 

0.1 

7 

Blue-faced Booby 

12 

0-3 

26 

Red-footed Booby 

2 

.05 

66 

Brown Booby 

2 

C 

O 

vji 

40 

All Boobies 

16 

0.4 

29 

Frigates 

113 

3.0 

94 

Sooty Tern 

360.8 

-V 95.6 

97 

Fairy Tern 

10 

0.3 

83 

All Terns 

Totals 

3618 - 
3770 

95>9 

100.0 

_2L* 

93- 


TABLE #7- SPECIMENS COLLECTED 
SOUTHERN GRID # l6 

16-22 April 1967 



Species 

Leachs Storm Petrel 


# Collected 

4 


Sooty Tern 


Total 


13 











TABLE 8. Linear Species Densities by Square Degrees, So 

i 

Species and/or 


Species Group 

A 

B 

Sooty Shearw. 
Si.-billed S. 
S.S. billed S. 


.045 

Total S. 

.000 

.045 

Wedge-T. Shear. 
Pink-foot. " 
Pale-foot. " 

Total 

.000 

.045 

Ptero. Ex. 

Mott. Petrel 
P/Tah. " 



Sm. Pter. sp 

.012 


Ptero. sp 

Total 

.012 

.000 

Bulwers Petrel 
Sh./Petrel 
Total 

.012 

.045 

W.R.St. Petrel 

.036 

.136 

Total 

.048 

.182 

R.T.T.Bird 
W.T.T. " 

T.B. sp 

Tnt.a 1 

B.F.Booby 

.012 


R.F. " 

Brown " 

Total 

.012 



Frigates 

Skua 

P. Jaeger 

W. Tattler 
R. Turnstone 

Total 


C E F G H 


.017 

. 548 “ 




.017 

.048 

.017 

.017 



.042 



.005 


.059 

.048 

.017 

9 

0 

0 

V-n 


t 



• 

0 

0 

.019 

.000 

.000 

.000 

.010 

.015 

.019 


.059 

.048 

.017 

.020 

.019 

.017 

.016 


.055 

.208 

.076 

.064 

.017 

.075 

.226 



.017 

.005 




.017 

.005 


.034 

.016 

.116 

.139 





.010 





.025 


.034 

.016 

.116 

.174 


.110 

.016 

.033 

•398 

.058 


-.010 

\ . 010 



during the Period 


of 16 t 22 April 1967 


I 

J 

K 

L 

M 

N 

0 

P 

Total 

.013 






.007 


.005 







.007 


.001 

.026 






.020 

.007 

.006 

.040 






.034 

.007 

.012 



.161 

.029 




.015 

.019 


♦ 




/ 



.001 






.025 



.001 

.040 


.161 

.029 


.025 

.034 

.022 

.032 


.094 


• 



.007 


.003 

.013 

.031 




.025 



.003 





* 


.007 


.002 









.001 



.023 




.014 


.005 

.013 

.125 

.023 



.025 

.028 


.013 






\ 

.007 


.001 



.034 






.002 

.053 

/ 

.125 

.218 

♦ 

.029 


.051 

.068 

.022 

.049 



.115 


.082 


.102 

.097 

.058 

•053 

.125 

.333 

.029 

.082 

.051 

.170 

.118 

.107 









.001 





.027 




.002 









.001 




* 

.027 


• 


.003 



.023 




.014 

.015 

.036 






.007 


.001 






1 



.004 



.023 




.020 

.015 

.042 

.040 

.031 

.092 

.029 

.027 


.027 


.093 



.010 



.007 


.002 






.025 



.001 

.013 







.001 

.002 

.013 



.010 


.025 

.007 


.005 

































TABLE 8 (cont.) 

Species and/ 
or 


Species Group A B 

c 

E F 

G 

H 

Sooty Tern 

1.152 

.700 1.950 

2.279 

1.000 

G.B. " 





Fairy " 


.017 



B.G. Noddy 



.005 


Total «000 

1.152 

.700 I.968 

2 .284 

1.000 

Total .000 


.700 I.968 

2.294 

1.000 

Bird 




.019 

Total .060 .182 

1.374 

.794 2.150 

2.944 

1.301 



I J K 

L M 

N 

0 

p 

Total 

1.800 3.310 5.440 

4.001 5-860 

.462 

8.251 

.754 

2.868 





.015 

.002 

.046 


.025 

.041 


.009 






.001 

1.800 3.310 5.486 

4.001 5.860 

.488 

8.292 

.769 

2.877 

1.813 3-310 

4.002 5.860 

.513 

8.299 

.769 

2.882 


.027 



.007 

.003 

1.878 3.474 5-930 

4.075 5.030 

.565 

8.527 

.910 

3.14 








TABLE 9 * Birds per Linear Mile by Concentric Circles in the Southern Grid #16 


16-22 April 1967 


Species and/or S. Groups 

0-30 

30-60 

60-110 

>110 Total 

Sooty Shearwater 



.008 

. ..005 

Slender-billed Shearwater 




.002 

Sooty/Slender-billed Shearwater 



.003 

.012 

Total Sooty/Slender-billed S. 


.006 

.011 

.019 

Wedge-tailed Shearwater 


.044 

•039 

.004 

Pink-footed Shearwater 




.002 

Pale-footed Shearwater 

.006' 




Total Shearwaters 

.006 

.049 

.050 

.025 

Pterodroma Externa 



.008 

.002 

Mottled Petrel 

.006 


.003 

.009 

Phoenix/Tahiti Petrel 



.003 

.002 

Small Pterodroma sp 




,002 

Pterodroma sp 

.011 


.005 

.004 

Total Pterodroma 

.017 


.019 

.012 

Bulwers Petrel 




.002 

Shearwater/Petrel 


• 016 



Total 

.022 

«o 66 

.069 

.038 

White-rumped Storm Petrel 

.061 

V .033 

.0 55 

.067 

Total Procellariiformes 

.083 

VO99 

.125 

1.06 

-Red-tailed Tropicbird 


VO 

0 

0 

0 



White-tailed Tropicbird 




.004 

Tropicbird sp 

.006 




Total Tropicbird 

.006 

.006 


.004 

1 

Blue-faced Booby 

•139 

• 

0 

ro 

.011 

.009 

Red-footed Booby 

.011 

- . 


.002 

Brown Booby 

.028 




Total Boobies 

•177 

.072 

.011 

.011 

Frigates 

.106 

.407 

.047 

.018 

Skua 



.003 

.002 

Pomarine Jaeger 




.002 

Wandering Tattler 




.002 

Ruddy Turnstone 

.011 - 




Total Misc. Charadriiformes 

.011 


.003 

wn 

0 

0 

• 

Sooty Tern 

1-571 

3-552 

2.316 

3.422 

Gray-backed Tern 




.004 

Fairy Tern 


.027 


.019 

Blue-gray Noddy 

*006 

- 



Total Terns 

1-577 

' 3-579 

2.316 

3.437 

Total Ch 

1-589 

3.579 

2.319 

3.446 

Bird 


- 

.003 

.005 

Total 

1.960 

4.165 

2.501 

3-582 









4 





SR 



/ 

r E 

/ / 

r 

/ / 

• 

Lf'SS 20 

# 

f 

$ 

i 

\ 

\ ^ 


>^S$/ 

♦ 

• 

- v ‘ 
























































































PRELIMINARY REPORT 


PELAGIC NON-GRID OBSERVATIONS 

S.I.C. 17 & 18 
JANUARY THRU APRIL 1967 


Prepared by 


Richard D. Chandler 


Preliminary Report 
Pelagic Non-Grid Observations 
Southern Island Cruises 17 & 18 
January-April 19&7 

by 

Richard D. Chandler 


INTRODUCTION AND PREFACING REMARKS 
A. General 


Southern Island Cruises (SIC) 17 and 18 are the last in a current 
series of ecological investigations of the Equatorial Central Pacific 
waters and islands. This report summarizes four months of shipboard ob¬ 
servations of the birds encountered in a roughly triangular area of ap¬ 
proximately one million square miles delimited by the three islands, 

Oahu (Hawaii), Starbuck (south end of the Line Islands), and Viti Levu 
(Fiji Islands). 

The two cruises are ideally treated as a unit for several reasons. 
Primarily, the combined coverage of the two trips overlaps all major areas 
previously investigated on other SIC trips. Also, both trips were made 
aboard nearly identical ships and nearly the same POBSP personnel were on 
both cruises. Standardized techniques and methods progressively learned 
during three earlier cruises to this area in the preceding six months give 
the combined data from these two final cruises a higher degree of com¬ 
parative constancy. 

B. Data Collection 

Four questions can be asked about faunal distribution in general: 

What is it?, Where is it?, When is it there?, Why is it there?. In the 
at-sea bird surveys the first three questions are answered straight away 
whenever a positive identification of a bird is recorded along with its 
coordinates in time and space. Stating, "That Sooty Tern is right here, 
right now” operationally defines its distribution at that moment. However 
the statement applies only to the individual bird. Ii it is the distribu¬ 
tion of the species that is of interest then another operative deiinition 
must be made. An "instantaneous spatial distribution" could be defined as 
"the set of all spatial coordinates corresponding to each individual of 
the species at a given time" -- a map sprinkled with dots. For some pur¬ 
poses this is useful information, but having no time variation there is no 
dynamic information to be gathered. A series of such "map sprinklings" 
taken at specified time intervals, however, yields much in the way of 
dynamic information. In the limit, a "species" distribution can be opera¬ 
tionally defined as "the sequential set of all possible instantaneous 
spatial distribution/* Since species is not defined on a temporal scale 
this already absurd definition is not useful because of a definition con¬ 
flict. A useful definition of "distribution" results from the value 
placed on the degree of confidence desired in the final answer; that is, 
how close to the above limit one needs to go before the information yiej_a 
is not worth the expenditure. 
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"in- 


The POBSP system for data collecting is rapidly to collect 
dividual distributions" and to use techniques like banding, streamering, 
painting, direction of movement, etc., as efficient shortcuts. On the 
whole the data are necessarily sketchy,compared to the much more readily 
obtained data such as on landbirds or mammals. Even so the knowledge of 
species distributions in the SIC area is better than it has been. I feel, 
though, that current POBSP project methods are missing an important "short¬ 
cut." This shortcut applies to the fourth question asked concerning dis¬ 
tribution: Why a particular bird is where it is when it is. The answer 
to this question is, perhaps, the final goal of distribution studies in 
the sense that first one must find the "what's", "when's", and "where's." 

I reason the following way: When a bird is observed to be at a position 
in time-space coordinates it is unlikely that this is a mere chance oc¬ 
currence. It is well recognized (but not satisfactorily explained) that 
biological entities are unique in the way that they do not conform to the 
irreversible law of entropy which says (roughly) ohat all things seer., the 
lowest state of order. By empirical observations at any rate birds are 
never (conditional) randomly distributed. If the bird is non-randomly 
placed in a frame of reference it follows that a correlation exisos be¬ 
tween a parameter of that frame of reference and the bird's coordinates. 
The nature of the correlation, to an observer, is the answer to "why" the 
blpd is there. The bird, however, has no cause and effect relationship 
with which to guide its non-random habits; it is correlating with the 
reference parameter because if it didn't it would die. This is straight¬ 
forward selective association. Birds are where their needs are but they 
don't "go-to" their needs, as they possess no volition. 


A bird's requirements are remarkably simple. They are three in num¬ 
ber: l) Two sexes; 2) a place to put an egg or eggs; 3) An energy source. 
The seabird requires from the environment an island or land for nesting 
and a source of metabolic energy. 


The nature of the food-need varies from species to species, seldom 
(if ever) are cases found where diets show 100 percent overlap. The ob¬ 
vious step is to suggest that if one can determine the degree and sign of 
correlation between a bird and various food sources, one has a shortcut 
enabling him to understand the distribution of birds, i.e., by measuring 
the associated parameter. For instance, I have found that there is a 
species of bird which shows 100 percent positive correlation with a source 
of metabolic energy — AIR; I have never seen this bird underwater. Surely, 
correlations with biological and physical properties of uhe ocean surface 
are not as dramatic nor as easy to determine, but a program conducting 
pelagic bird studies and not collecting simultaneous oceanographic data ^ 
should have "biological" in quotes and should reserve the word "ecological" 
for more unified programs. 

The current POBSP would benefit by: 

1) Taking pains to outfit all survey vessels with: 

a) BT and winch 

b) Water analysis lab 
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c) Plankton and nekton collecting apparatus 

d) Cephalopod collecting apparatus 

e) Surface temperature recording thermograph 

2) Hiring a marine ecologist to work on the ship, in con - 
,junction with the birdmen, or 

3) Train (i.e., provide schooling for) present field personnel 
for strictly marine ecological work. 

The above is not intended as a "model" approach to the situation but 
merely another call for help, and a strong vote for more simultaneous 
oceanographic data. 

C. Data Presentation 


That statistical approaches are the intuitive answers to such in¬ 
finite set problems as outlined in this introduction is sometimes too 
obvious. The statistics are too often taken for granted and can be over¬ 
worked and over-extrapolated. This sort of thing occurs repeatedly in 
simple cases of significant figures, i„e., reporting the percent of Bulwer 
Petrels in an area as 1.13 percent because three were seen in a total of 
264 birds. Even assuming the unlikely possibility that there is no bias, 
sample error, or gross mistake, and that there were in fact exactly three 
Bulwer Petrels in the delimited region, the representation of the fact by 
mathematical manipulation of a single digit and getting a 3 - higit figure 
is mathematical absurdity. 

The foregoing is by way of saying that the preservation of a large 
amount of data, i.e., the data reduction process, should be suited to the 
sample validity. In short, one can't make detailed conclusions, graphs, 
tables, etc., with crude data. Every effort should be made to adjust the 
data presentation so that statements, conclusions, and numerical sum¬ 
maries do not exceed the inherent vulnerabilities that come with all 
sample data. My course of presentation in this report has been to present 
the data in more than a single form and to assume more than one fixed 
standard of validity. This intentional shotgun technique is an attempt 
to present a choice of standards to be interpreted in as mucn depth, as xs 
deemed feasible by any reader. Even though many of the data in this re¬ 
port have better sample validity than many shorter surveys, I am aware of 
overstepping the bonds of statistical common sense in many cases. I have 
done this on data about which I have no good idea of the amount oi in¬ 
herent error, and, in some cases, on the grounds that it is important, to 
follow through with previously established format for the sake of com¬ 
parability. Where I have made general statements about qualitative (and 
quantitative) data I have attempted to make the statement unequivocable, 
self-definitive, and without hidden meaning, intended or implied. 
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II. Cruise Data - SIC 17 and 18 



Itinerary 

1967 

SIC 17 

9 January 

Depart Honolulu, Oahu 

16-22 January 

Howland-Baker-Southern Grid 

23 Jan.-1 Feb. 

Phoenix Is. (Enderbury, Phoenix, Hull) 

9-11 February 

Suva, Viti Levu, Fiji 

16-22 February 

Howland-Baker-Southern Grid 

1 March. 

Arrive Honolulu, Oahu 

• 

10 March 

SIC -18 

Depart Honolulu, Oahu 

l6-l8 March 

Kingman Reef, Palmyra Island 

20 March 

Fanning Island 

22-24 March 

Christmas Island 

26-27 March 

Jarvis Island 

30-31 March 

Malden Island 

3 April 

Starbuck Island 

9-11 April 

Pago Pago, American Samoa 

13 April 

Swain's Island 

l6-22 April 

Howland-Baker-Southern Grid 

1 May 

Arrive Honolulu, Oahu 






TABLE 1. Calendar of Observations 


SCI 17 and 18 



Lin. Dens. 


Date 

Vessel 

Subdivision 

Birds 

Miles 

Hours 

Birds/Mi. 

Species 

9 Jan 

40 

North of 12°N 

81 

68 

6.2 

1.191 

7 

10 


I! 

158 

107 

11.2 

1.477 

7 

11 


tl 

67 

102 

11.1 

.657 

n 

12 


"12°N" 

211 

109 

11.5 

1.936 

8 

13 


H 

ro 

0 

1 

vn 

0 

33 

115 

11.7 

.287 

10 

14 


M 5°N n 

503 

n4 

11.3 

4.412 

12 

15 


South of 5°N 

215 

115 

12.2 

1.870 

10 

23 


Phoenix Islands 

124 

80 

10.9 

1.550 

5 

24 


If 

320 

104 

10.4 

3-077 

12 

26 


ft 

535 

59 

5*9 

9.068 

14 

2 Feb 


S W Pelagic 

8 56 

104 

8.9 

8.231 

7 

3 


IT 

128 

150 

12.4 

.853 

8 

5 


11 

303 

115 

12.6 

2.634 

9 

6 


ft 

177 

86 

12.7 

2.058 

6 

7 


Fiji Islands 

262 

94 

12.5 

2.787 

13 

8 


fl 

133 

34 

5.1 

3.911 

7 

12 


tf 

370 

78 

6.6 

4.744 

9 

13 


ft 

276 

120 

12.4 

2.300 

12 

l 4 


S.W Pelagic 

89 

112 

12.5 

.795 

4 

15 (E) 


tf 

188 

112 

12.3 

1.679 

8 

15 (w) 


ft 

251 

118 

12.3 

2.127 

10 

23 


South of 5°N 

48 

29 

7.6 

1.655 

2 

24 


n 5°K n 

86 

92 

12.0 

.934 

7 

25 


0 

1 

0 

21 

39 

84 

11.9 

.464 

9 

26 

• 

"12°N" 

19 

no 

11.9 

.173 

7 

i 

27 


North of 12°N 

18 

96 

n.8 

.187 

5 

28 


tf 

7 

85 

11.7 

.082 

5 

1 Mar 


ft 

6 

98 

n.7 

.061 

3 

11 

39 

- ft 

8 

103 

12.0 

.078 

6 

12 

ft 

57 

115 

12.1 

A 96 

10 

13 


"12°N" 

235 

91 

12.0 

2.582 

8 

14 


12°-5°N 

84 

89 

12.1 

.944 

8 

15 


Kingman to Palmyra 

1137 

52 

6.7 

21.865 

n 

19 


Washington to 







Fanning 

8l4 

45 

5.2 

18.089 

9 

21 


Fanning to 



3.8 





Christmas 

70 

35 

2.000 

10 

25 


Christmas to Jarvis 171 

62 

6.8 

2.758 

14 

28 


Jarvis to Malden 

372 

93 

9-7 

4.000 

13 

29 


it 

50 

67 

12.0 

.746 

9 

29 

87 

it 

136 

47 

10.5 

2.894 

7 

Apr 

39 

S E Pelagic 

699 

102 

9.6 

6.853 

9 

4 

86 

ft 

13 

33 

3.3 

• 39^ 

5 

4 

87 

It 

15 

4o 

4.0 

• 375 

O 

5 

39 

It 

250 

118 

12.1 

2.n9 

9 

J 

86 

It 

67 

n8 

12.1 

.568 

8 

r-' 

87 

ft 

72 

118 

12.1 

.610 

10 

6 

39 

ft 

85 

123 

12.2 

.691 

10 
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TABLE 1. (Cont'd) 


Lin. Dens. 


Date 

Vessel 

Subdivision 

Birds 

Miles 

Hours 

Birds/Mi. 

Species 

6 Apr 

86 

S E Pelagic 

178 

123 

12.2 

1.447 

10 

6 

87 

II 

65 

4o 

4.0 

1.625 

5 

7 

39 

U 

i -92 

125 

12.0 

3.936 

13 

7 

86 

11 

466 

125 

12.0 

3.728 

13 

8 

39 

II 

519 

65 

6.7 

, 7.985 

9 

8 

86 

It 

302 

70 

7.6 

4.314 

16 

12 

39 

South Pelagic 

46 

39 

4.6 

1.179 

6 

13 


IT 

8 

25 

2.3 

.320 

3 

l4 


II 

15 

117 

12.0 

.128 

6 

15 


It 

200 

in 

12.1 

1.802 

6 

23 


"5°N" 

184 

114 

12.2 

1.6l4 

8 

23 

87 

11 

50 

n4 

12.0 

.439 

6 

2b 

39 

11 

24 0 

113 

12.3 

2.124 

13 

2b 

86 

11 

324 

113 

12.3 

2.867 

11 

2b 

87 

11 

4 02 

113 

12.3 

3-558 

11 

25 

39 

II 

43 

103 

12.5 

.417 

9 

25 

87 

II 

198 

85 

9.8 

2.329 

6 

26 

39 

H 

r 0 

0 

1 

v-n 

0 

26 

109 

12.3 

.239 

7 

27 


12°N 

121 

113 

12.5 

1.071 

5 

28 


North of 12° 

25 

112 

12.6 

.223 

8 

29 


II 

166 

112 

12.7 

1.482 

12 


Total 

67 days 

4 vessels 

13,909 

208/Day 

6182 

93/Day 

688.7 2.250 

10.o/Day 

43 

8.5/Day 



NOCTUFNAL 



Jan. 

14-15 

40 

78 

113 

12.5 

5 

Feb. 

24-25 

4o 

3 

102 

12.9 

l 

Apr. 

23-24 

_ 

15 

108 

11.8 

2 


Total 

3 Nights 96 323 37-2 


5 














TABLE 2. Summary of Non-Grid Diurnal Observations, 


Total 

SIC 17 & 18 

Total 

sic 17 

Total 
SIC 18 

Black-footed Albatross 

10 

10 


Pale-footed Shearwater 

1 


1 

Wedge-tailed Shearwater 

2766 

913 

1853 

New Zealand Shearwater 

1 


1 

Sooty Shearwater 

108 


108 

Slender-billed Shearwater 

6 


6 

Sooty/Slender-billed Shear. 

130 


130 

Tot. S/S-b Sh. 

(244) 

(0) 

(244) 

Christmas Shearwater 

8 

1 

7 

Newell Shearwater 

13 

1 

12 

Audubon Shearwater 

15 

10 

5 

Shearwater sp. 

9 

3 

6 

Tot. Shearwater sh. 

(3057) 

(928) 

(2129) 

Tahiti Petrel 

2 

1 

1 

Phoenix/Tahiti Petrel 

32 

7 

25 

Mottled Petrel 

7 


7 

Dark-rumped Petrel 

2 


2 

Juan Fernandez Petrel 

60 

29 

31 

White-necked Petrel 

1 

1 


Ptero. Externa ssp.? 

84 

18 

66 

Large Pterodroma sp. 

25 

9 

16 

Tot. Large Ptero. sp. 

(213) 

(65) 

(148) 

Black-winged Petrel 

8 

6 

2 

White-winged Petrel 

3 

3 


Cook Petrel 

l 


1 

Small Pterodroma sp. 

42 

20 

22 

Tot. Small Ptero. sp. 

(54) 

(29) 

(25) 

Pterodroma sp. 

38 

8 

30 

Tot. Pterodroma 

(305) 

(102) 

(203) 

Bulwer Petrel 

118 

19 

99 

Shearwater/Petrel 

151 

47 

io4 

Tot. Shearwater/Petrel 

(3631) 

(IO96) 

(2535) 

Leach Storm Petrel 

143 

28 

115 

White-throated Storm Pet. 

9 

9 


Wilson Storm Petrel 

1 

1 



17 & 18 


Oahu to Grid Grid to Fiji Fiji to Grid Grid to Oahu 

9-15 Jan. 23 Jan.-8 Fe_b._12-15 Feb._ 23 Feb.-l Mar. 

■% 

7 3 

351 261 291 10 



1 


















TABLE 2. (Cont'd) 


Storm Petrel sp. 

Tot. Storm Petrel 
White-tailed Tropicbird 
Red-tailed Tropicbird 
Tropicbird sp. 

Tot. Tropicbird 

Blue-faced Booby 
Brown Booby 
Red-footed Booby 
Booby sp. 

Total Booby 
Great Frigatebird 
Lesser Frigatebird 
Frigatebird sp. 

Total Frigatebird 
Golden Plover 
Phalarope sp. 

Skua 

Pomarine Jaeger 
Long-tailed Jaeger 
Jaeger sp. 

Total Skua/jaeger 
Gray-backed Tern 
Brown-winged Tern 
Sooty Tern 
Crested Tern 
Blue-Gray Noddy 
Common Noddy 
White-capped Noddy 
Noddy sp. 

White Tern 
Tern sp. 

Total Tern 
Bird 


TOTALS 

MILES 


Total 

Total 

Total 

SIC 17 & 18 

SIC 17 

SIC 18 

2 

2 


(155) 

(4o) 

(115) 

96 

43 

53 

30 

23 

7 

3 

2 

1 

( 129 ) 

(68) 

( 61 ) 

288 

127 

161 

17 

8 

9 

811 

236 

575 

19 

l4 

5 

(1135) 

(385) 

(750) 

20 

12 

8 

30 

27 

3 

72 

48 

24 

(122) 

(87)) 

(35) 

5 


5 

1 


1 

1 

1 


37 

37 


1 


1 

4 


4 

<*3) 

(38) 

(5) 

10 

10 


16 

16 


6264 

2830 

3434 

9 

9 


52 

48 

4 

448 

87 

361 

9*+3 

58o 

363 

74 

37 

37 

73 6 

147 

589 

61 

8 

53 

( 8613 ) 

(3772) 

(4841) 

65 

8 

57 

13,909 

5504 

84 05 

6182 

2690 

3492 


Grid to Oahu 
23 Feb,-1 Mar. 


Oahu to Grid Grid to Fiji Fiji to Grid 
9-15 Jan. 23 Jan.-8 Feb. 12-15 Feb. 


26 


66 


4 


17 

9 


11 

2 

45 

8 


16 


24 


238 


59 


18 

k 

2 

109 

2 

122 

5 

9 

20 

30 


12 


10 


6 k 


21 


7 

3 


l 

62 

l 

1 

5 

15 


8 


17 


1 

7 


1 

37 


38 


657 


644 

10 

16 

’ 1725 

329 


6 

3 


16 

32 

6 

60 

21 


294 

28 6 

7 

85 

37 

55 


2218 


765 


132 


132 


1268 


2838 


1175 • 


223 


730 


82 6 


54o 


594 


O- PO t— «—t CVJ 
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TABLE 2. (Co nt’ d) 

Oahu to Kingman Kingman to Starbuck 
ll-l4 March_15-29 March 



Black-footed Albatross 
Pale-footed Shearwater • 1 

Wedge-tailed Shearwater 
New Zealand Shearwater 
Sooty Shearwater 
Slender-billed Shearwater 
Sooty/Slender-billed Shear 

Tot. s/s-b Sh. 

Christmas Shearwater 
Newell Shearwater 
Audubon Shearwater I 

Shearwater sp. - I 

Tot. Shearwater sh, 
Tahiti Petrel 
Phoenix/Tahiti Petrel 
Mottled Petrel ■ t I 

Dark-rumped Petrel | 

Juan Fernandez Petrel -1 
White-necked Petrel -’ I 
Ptero. Externa ssp.? 

Large Pterodroma sp. 

Tot. Large Ptero . sp., * 
Black-winged Petrel 
White-winged Petrel- .. 

Cook Petrel 

Small Pterodroma sp. I 

Tot. Small Ptero . sp."' 
Pterodroma sp. •• 

Tot. Pterodroma • - ■ 

Bulwer Petrel 
Shearwater/Petrel. 

Tot. Shearwater/Petrel 
Leach Storm Petrel 
White-throated Storm Pet, 
Wilson Storm Petrel 


5 




82 

173 








^•~rrr*~r 


» y «■ ri f f ■ 


Starbuck to Samoa 
_14- 8 April 


Samoa to Grid 
12-15 April 


Grid to Oahu 
23-29 April 


109 


1223 


1102 

.1 

63 

46 

5 

3 

3 

1 

7 

2 


0 


33 


33 


59 


702 


l 

633 

0 

14 

3 

42 


7 

2 


5 

4 

30 

4 


10 

‘ - — - - 

2 


43 

t 

ft 

** , - 

- 4 

ft 

• 



2 

A 

0 

1 • « 4 

1 


• 

« 

• 

% 

W 

V 

1 , 

14 

- 

1 

• 

f 

. 5 

15 

ft 

1 • 

1 • • 

4 


7 ' 



6 

• 



21 

31 

28 

3 


71 

58 


9 38 


1 


8 

1320 


V 


839 



41 


6 

4 

27 


VO 


* 


*r\ » — 


A 


♦ f** 


* H - 1 , 41 • ^ * 


••» •> 


•ft* 


- . f- * ^ .ft ■%*♦••* * 







































TABLE 2. (Cont'd) 


Oahu to Kingman Kingman to Starbuck Starbuck to Samoa Samoa to Grid Grid to Oahu 
11-14 March _ 15-29 March _ 4-8 April _ 12-15 April _ 23-29 April 


Storm Petrel sp. 

Total Storm Petrel 
White-Tailed Tropicbird 
Red-tailed Tropicbird 
Tropicbird sp. 

Total Tropicbird 
Blue-faced Booby 
Brown Booby 
Red-footed Booby 
Booby sp. 

Total Booby 
Great Frigatebird 
Lesser Frigatebird 
Frigatebird sp. 

Total Frigatebird 
Golden Plover 
Phalarope sp. 

Skua 

Pomarine Jaeger 
Long-tailed Jaeger 
Jaeger sp. 

Total Skua/jaeger 
Gray-backed Tern 
Brown-winged Tern 
Sooty Tern 
Crested Tern 
Blue-Gray Noddy 
Common Noddy 
White-capped Noddy 
Noddy sp. 

White Tern 
Tern sp. 

Total Tern 
Bird 


5 


16 


18 


15 

l 

17 

1 


1 

0 

1 


1 


36 


4 


657 


11 


4i 


2 

2 


24 


123 

5 

525 

4 

4 

1 

6 


49 


17 


21 

3 


5 


1 

4 

44 


3 

2 

12 


5 


1 


27 


12 


25 


10 

2 


20 

4 

1 


1 

4 





• 

0 


0 


5 


118 


1216 


1064 


182 


854 



4 









68 


276 


10 


7 



35 


328 







34 


3 







48o 


80 


24 


5 

1 

1873 

36 

1767 

l6 

216 


866 


50 


1 


3 


1 


2 
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TABLE 3. Flock Data (Diurnal Non-Grid), SIC 17 & 18 

Total 


• 

Number 

Seen 

Number 
in Flocks 

Percent of 
Flock Total 

Percent 
in Flocks 

Sooty/Slender-bill Shearwater 

244 

30 

0.3 

12.3 

Wedge-tailed Shearwater 

2766 

1937 

18.1 

70.0 

Christmas Shearwater 

8 

1 

* 

12.5 

Newell Shearwater 

13 

4 

* 

30.1 

Audubon Shearwater 

15 

3 

■if 

20.0 

Phoenix/Tahiti Petrel 

32 

4 

* 

11.7 

Mottled Petrel 

7 

1 

•* 

14.3 

pterodroma externa 

145 

87 

0.8 

6o.o 

' Small Pterodroma 

54 

12 

0.1 

22.2 

• 

Pterodroma 

62 

32 

0.3 

51.6 

Bulwer Petrel 

118 

12 

0.1 

10.1 

Storm Petrel 

155 

6 

* 

3-9 

Shearwater/Petrel 

151 

42 

0.4 

28.0 

White-tailed Tropicbird 

96 

7 

* 

7-3 

Red-tailed Tropicbird 

30 

l 

* 

3.3 

Blue-faced Booby 

288 

n4 

1.1 

40.0 

Rea-footed Booby 

8n 

344 

3.2 

42.4 

Booby sp. 

19 

9 

0.1 

47.4 

Frigatebird 

122 

72 

0.7 

59-0 

Sooty Tern 

6264 

6068 

56.9 

96.9 

Blue-Gray Noddy 

52 

42 

0.4 

80.1 

Common Noddy 

448 

355 

3-3 

79-2 

White-capped Noddy 

9^3 

871 

8.2 

93.3 

Noddy sp. 

74 

31 

0.3 

41.9 

White Tern 

736 

511 

4.8 

69.4 

Misc. Birds 

126 

77 

0.7 

6l.l 

Flock Total 13,779 

10,673 

100$ 

84.5 


*Less than 0.1$. 
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TABLE 4. Non-Grid Bird Collections, SIC 17 & 18 


Wedge-tailed Shearwater 
Christmas Shearwater 
Juan Fernandez Petrel 
Phoenix Petrel 
White-winged Petrel 
Bulwer Petrel 
Leach Storm Petrel 
White-tailed Tropicbird 
Red-tailed Tropicbird 
Blue-faced Booby- 
Brown Booby 
Rea-footed Booby 
Great Frigatebird 
Lesser Frigatebird 
Brown-winged Tern 
Sooty Tern 
Crested Tern 
Common Noddy 
White-capped Noddy 
White Tern 


Specimens Collected 


SIC-17 SIC-18 


5 12 

1 

3 

2 


2 


1 

1 


1 

4 


1 ' 
2 
2 
1 

5 


2 


1 


1 


3 

8 4 


1 

2 

6 

6 


Total 


17 ’ 
1 

3 

2 

2 

1 

3 

3 

1 

5 

1 

6 
1 
1 
3 

12 

1 

2 


6 

6 


Totals 


44 


33 


77 















III. AREA SUBDIVISIONS 



A. Definition and Description 

Due to the large size of the region under consideration, some 
care was taken in delimiting areas which function more or less as a unit 
The breakdown into subdivisions as outlined below is somewhat artificial 
but does reflect what I take to be fairly naturally separations in the 
distribution of fauna. It is, I feel, the most "natural" possible with 
aspect to the present data: 




I. OFFSHORE ' 

A. Oahu 9 Jan.; 2, 10 March; 30 April 


B. Line Islands - wet portion 


1. Kingman Reef 

2. Palmyra Island 

3. Washington Island 

4. Fanning Island 

5. Christmas Island 


15 March 
15, 18 March 
19 March 
21 March 
25 March 


C. Line Islands - dry portion 


1. Jarvis Island 

2. Malden Island 

3. Starbuck Island 

D. Phoenix Islands 

E. Samoan Islands 

1. Tutuila 

2. Swains Island 


2 6 March 
30 March 
2, 3? ^ April 

23, 24, 26 January 


8, 12 April 
13 April 


F. Fiji Islands, Viti Levu 


II. Interisland 

A. Line Islands 

1. Kingman to Palmyra 15 March 

2. Washington to Fanning 19 March 

3. Fanning to Christmas 21 March 

4. Christmas to Jarvis 25 March 

B. Phoenix Islands 

1 

Fiji Islands 



C. 


23, 24, 2o Jan.; 2 Feb. 
7, 8, 12, 13 Feb. 
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III. Pelagic 

A. North of Equator 


B. 


1. 

North of 12°N area 

9, 10, 11 Jan; 27, 26 Fe' 
1, 11, 12 March; 28, 29 . 

2. 

12°N area 

12 Jan.; 26 Feb.; 13 Mar 

3. 

Between 12°N and 5°N area 

13 Jan.; 25 Feb.; 14 Mar 

4. 

5°N area 

Ik Jan.; 24 Feb.; 23, 24 

5- 

S. of 5°N area 

15 Jan.; 23 Feb. 

South of Equator 


i. 

Jarvis to Malden 

28, 29 March 

2. 

Starbuck to Samoa 

4, 5, 6, 7, 8 April 


(S.E. Pelagic) 

3. 

Samoa to Southern Grid 

12, 13, 14, 15 April 


. (South Pelagic) 

4. 

Between Phoenix Island 

* 

* 


and Fiji Island (S.W. 

2, 3, 5, 6, 24, 15 (E), 


Pelagic) 

15 (W) Feb. 


The Offshore category includes birds observed in the immediate vicinity 
of a breeding or roosting site or island. Of the three divisions it is me 
most subjective and has been most frequently neglected in discissions. j. 
would include under this heading the following: Activity in the waters one 
to two miles off the beach (usually not logged on day sheets because of 
beach landing operations), and logged activity in close proximity to the 
island where birds are too abundant to be interpreted well quantitatively. 

In general, offshore implies what one would see from a vessel when close 
enough to see the island clearly but not necessarily including w?h&o one 
would find on the island itself. Offshore is the missing link between 
island work and at-sea work. The 13 island sections are qa.alj.talively 
compared in Table 5 and will be briefly discussed in a following secuiCu. 

Where the Offshore category was used to bridge the gap between island 
work and at-sea work, the interisland category introduced here is to dis¬ 
tinguish between the basic components of the at-sea data, l) The 
in which the birds are, for the most part, based on or dependent on a r.earoy 
or islands, and 2) the regions in which the birds are, for the most part, 
independent of land and more dependent on some oceanographic feature or 
features. Interisland includes shipboard observations taken while travel¬ 
ing between islands in the Line and Phoenix groups and while in the vie mi-y 
of the Fiji complex. The division between pelagic and interisland is suo-^ 
jective but, roughly, within 100 miles or so of land the area is ettcnujujiy 
what I term interisland. While these observations include onxy abOuo o.xe- 
eighth of the total diurnal miles they account for about one-third oi me 

total birds. 

The pelagic category includes over 6,000 miles of observations of 
essentially open ocean* More detailed discussions Oi. these areas follow 











TABJ>E 5. OFFSHORE SUMMARY SIC 37 & 18, January-April 1967 

^ Oahu _ K insman Reef 


B] ack-footed Albatross 
I,assail Albatioss 

Wedge-tailed Shearwater 

Christmas Shearwater 

Audubon Shearwater 

Tahiti Petrel 

Phoenix Petrel 

Small Pterodroma 

White-throated Storm Petrel 

White-tailed Tropicbird 

Red-tailed Tropicbird 

Blue-faced Booby 

Brown Booby 

Red-footed Booby 

Frigatebird sp 

Shorebird 

Pomarine Jaeger 

Black-naped Tern 

Gray-backed Tern 

Brown-winged Tern 

Sooty Tern 


Common 

Low 

Regular 

April 


? 


Regular 
Several 
Occurs 
Present ? 
Common 


Traveling 

flocks 


Crested Tern 
Blue-Gray Noddy 

Common Noddy Small flocks 

White-capped Noddy 


White Tern 


In area 


A few present 
Common rooster % 
Many 
Low 

— ? 


Feeding groups 


Roosting ? 

Individuals 

feeding 

Individuals 

feeding 


General Impression 




Jaegers and 
Albatrosses 
following 
ship 


Numerous small 
scattered 
feeding flocks 
of Terns and 
and Red-footed 
Boobies 


Palmyra 

Washington 

Fanning 

Christmas 

Jc rvi z 

-- 

- - 



mm •• 



\ 

1 

— 

_ — 

Uncommon 

— 


Many 

-- 

-- 

— 

- - 

Several 

— 

-- 

— 

— 

-- 

— 

—— 

— 

—* 

— 

— 

Rare 

-- 

-- 

Several 

— 

— 

— 

1 seen 

1 seen 

? 

- - 

• • 

-- 


— 

- - 

None seen 

t 

-- 

— 

— 

— 

— 

Few 

Several 

Few 

— 

• * 4 

Few 

Many 

Uncommon 

-- 

Several 

Few 

Few 

Abundant 

Many 

Several 

Several 

Several 

Low 

i 

Several 

Few 

Low 

Many 

" / 

Abundant 

Hone seen 

— 

Small 

flocks 

Few flocks 

— — 


-- 

None seen 


— 

Several 

— 

Few 

— 

Many 

Abundant 

• 

A few ? 

Few 

— 

Common 

Abundant 

* 

A few ? 

Several 


Several 

Very 

common 

A few 

Few 

- - 

Abundant 

Flocks 

Very few 

Variety of 

Frigates, 

flocks of 

of Noddies 

birds 

birds 3-ittle 

Boobies, 

Sooty Terns 

many 


concentrated 

and Red- 

and-Red- 
footed 

Fairy Terns 


feeding 

tailed 

Tropicbird 


Boobies 


at dawn and 
dusk 








































TAB1K 5- 


(Cont ? d) 


Malden 


Black*fooled Albatross 
Laysan Albatross 
Wedge-tailed Shearwater 
Christmas Shearwater 
Audubon She abater 
Tahiti Fetrel 
Phoenix Petrel 
Small Pterodroma 

White-throated Storm Petrel Should occur ? 
White-tailed Tropicbird 
Bed-tailed Tropicbird 


Blue-faced Booby Several 

Brown Booby L° w 

Red-footed Booby Several 

Frigatebird sp. Several 

Shorebird 

Poruarine Jaeger 

Black-naped Tern 

Gray-backed Tern Few 

Brown-winged Tern 

Sooty Tern I* 0 ^ 7 

Crested Tern 

Blue-Gray Noddy 

Common Noddy ? 

White-capped Noddy Few 

White Tern Very few 


General Impression 


Frigates and 

Boobies 

scattered 


Starbuck 


1 seen 


Very low 


A few 


Should occur 
Many 


Remarkably 
few birds 
except for 
traveling 
flocks of 
Sooty Terns 
morning and 
evening 
occasional. 
Yri gatebirds 


Tutuila 

Viti Levu 

Phoenix Islands 

Swains 1 


m* 0m 



— — 

- - 



Few 

Low 

Present 

Seen * 1 

— 

-- 

Very low 


Possible ? 

— 

Very low 

— 

Possible ? 

Present ? 

— 

— 

-- 

-- 

Low 

— 

— 

— 

-- ? 

- - 

0 

— ? 

— 

Low 

— — 

Low 


— 

1 seen 

_ — 


Present 

• 1 

— 

-- 

Regular 

— 

— 1 

Regular ? 

Regular - 

— 

Common 

Fairly common 

Regular 

— — 

— — 

? 

Present 

-- 

-- 

-- 

Occurs 

— — 

Possible ? 

Present 


See text 


— 

Present 

— 

— — 

Several 

— 

— 

— 

Several 

Regular 

— - 

- - 

Low 

-- 

— — 

— 

- — 

Occurs 

- - 

Abundant 

Present 

Occurs 

Several 

Common 

Many 

Occurs 

_? 

• 

Many 

Several 

• 

Present 

Several 

Large Feed¬ 
ing flocks 
of Noddies, 
Red-footed 
Boobies, 

Fairy Terns 
and White - 
tailed 
Tropicbirds 

Variety of 
Terns; Red¬ 
footed 

Boobies; few 
feeding flocks 

Variable 

Very few 
birds 

occasional 
Noddies anc 
Fairy Term 


o\ 
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later. The statistical relationships between the interisland and pelagic 


* 


divisions can be found in Tables 2 and 3> 6 and 7* The following diagram 
summarizes qualitatively the relative distribution tendencies by groups. 


Albatross 

• 

• 

• 

• 

X 

1 

• | 

(x) 

Shearwater 

. 

! 


X 1 


Pterodroma 

9 





x : 

Bulwer Petrel 




X 

i 

All Shearwater/Petrel 




X 

'1 

,1 

Storm Petrel 



X 

* 


• 1 

]| 

Tropicbird 



•X 


I 

Booby 

X 





Frigate 

X 




l 

Sooty Tern 


(x) 

(X) 

(X) 

f 

1 

1 

C? 

All Noddy 

X 

\ * 



Vfhite Tern 


X 


1 


% 

$ 

Strongly 

land- 

dependent 

Wore 

land 

dependent 

than 

pelagic 

. 

l\0 

signif¬ 

icant 

1 tendency 

1 toward 

1 either 
extreme 

Sore 

pelagic 

than 

land 

dependent 

Strongly 

open 

ocean- 

dependent 

1 

l i 


Interisland 
dominant groups 


! 

Pelagic | 

dominant groups i 
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EABLE 6. Comparison of Interisland and Pelagic Observations 


Interisland Pelagic Interisland pelagic 



Total 

No. 

i Tot. 

No. 

i 

Lin. Lens. 

Lin. Lens 

Black-footed Albatross 

10 

0 

0 

10 

100 

0 

.002 

Sooty/slender Shearwater 

244 

33 

13-5 

211 

80.5 

.043 

.038 

Wedge-tailed Shearwater 

27 66 

232 

8.4 

2534 

91.6 

.304 

.4 68 

Christmas Shearwater 

8 

2 

25.0 

6 

75.0 

.003 

.001 

Newell's Shearwater 

13 

0 

0 

13 

100 

0 

.002 

Audubon Shearwater 

15 

3 

20.0 

12 

80.0 

.004 

.002 

Other Shearwater 

12 

2 

16.7 

10 

83.3 

.003 

.002 

Phoenix/Tahiti Shearwater 

34 

8 

23.5 

26 

76.5 

.010 

.00 5 

Mottled Petrel 

7 

0 

0 

7 

100 

0 

rr- 
. Jl 

1 

Dark-rumned Petrel 

2 

0 

0 

2 

100 

0 

.0004 

Pterodroma externa 

145 

0 

0 

145 

100 

0 

.027 

Small Pterodroma 

54 

2 

3.7 

52 

98.3 

.003 

.010 

Pterodroma sp. 

62 

1 

1.6 

61 

98.4 

.001 

.013 

Bulwer Petrel 

. 118 

11 

9.3 

107 

90.7 

.014 

' .020 

Storm petrel 

155 

19 

12.2 

136 

87.8 

.02 5 

.025 

Misc. Shearwater/Petrel 

150 

10 

6.6 

l4o 

93.4 

.013 

.026 

White-tailed Tropicbird 

96 

9 

9.4 

87 

90.1 

.012 

• 0ju6 

Red-tailed Tropicbird 

30 

5 

16.7 

25 

83.3 

.00 6 

• GG> 

Trooicbird sp. 

3 

0 

0 

3 

100 

0 

.001 

Blue-faced Booby 

288 

118 

40.9 

170 

59.1 

.155 

- 031 

Brown Booby 

17 

8 

47.1 

9 

52.9 

.010 


Red-footed Booby 

811 

697 

8 5.9 

114 

14.1 

.913 

.021 

Booby sp. 

19 

6 

31.6 

13 

68.4 

.008 

.002 

Prigatebird sp. 

122 

71 

58.2 

51 

4l.8 

.093 

.009 

Shorebirds 

6 

1 

16.7 

5 

83-3 

.001 

__ f+x 

Skua 

1 

0 

0 

1 

100 

0 

.0016 








. CCG2 

Jaegers 

42 

0 

0 

42 

100 

0 

r*, Q 

• uvo 

Gray-backed Tern 

10 

10 

100 

0 

0 

.013 

0 

Brown-winged Tern 

16 

16 

100 

0 

0 

.021 

0 

S corny Tern 

6264 

1536 

24.5 

4728 

75.5 

2.048 

.672 

Crested Tern 

9 

9 

100 

0 

0 

.012 

0 

Blue-Gray Roddy 

52 

18 

34.6 

3^ 

65.4 

.024 

^ jl 

. Cwo 

Common Roddy 

448 

147 

32.8 

301 

67.2 

.193 


"White-capped Noddy 

9^3 

' 613 

65 *o 

330 

35.0 

.803 


Noddy so. 

74 

71 

96.0 

3 

4.0 

• 093 

• 001 

White Tern 

736 

530 

72.0 

206 

28.0 

.695 

• GdO 

Misc. 3irds 

126 

23 

18.2 

103 

81.8 

.030 

.019 

Total' 

i3,909 

4211 

30.3 

9698 

69.7 

5.519 

1.739 

# Miles 

6,182 

763 

12.3 

5419 

87.7 




? ° 

Overall Linear Density * 
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TABLE 7. Species Groups Observed 3 n Interisland and Pels 


INTERIM! AND_._ 

' $ of ’ ' 
<jo of Inter- ' ' 
Linear $ of Total island ' ' 



’No. 

Dens . 

Group 

Birds 

Birds 

' 'No. 

Albatross 

0 

«. 

0 

0 - 

0 

0 

* 

10 

Shearwater 

272 

.3 56 

8.9 

2.0 

6.5 

278 5 

Pterodroma 

11 

.oi4 

3-6 

0.1 

0.3 

294 

Bulwer Petrel 

11 

.014 

9-3 

0.1 

• 0.3 

107 

Total Shear./ 
Pet. 

304 

.398 

8.4 

2.2 

7.1 

•3327 

Storm Petrel 

19 

.025 

12.2 

0.1 

0.5 

136 

4 

Tropicbird 

l4 

.018 

10.9 

0.1 

0.4 

115 

Booby 

* 

829 

1.087 

73-0 

6.0 

19.7 

306 

Frigate 

71 

.093 

58.2 

0.5 

1.7 

51 

Sooty Tern 

1536 

2.013 

24.5 

n.o 

36.5 

4728 

All Noddy 

849 

1.113 

56.0 

6.1 

20.2 

668 

White Tern 

530 

.69 5 

72.0 

3.8 

12.5 

20 6 

Mi sc . 

59 

.erf 7 

28.1 

.4 

1.4 

u-j 

1_» 

Total 

4211 

5.519 


30.3 

100 

9698 

Miles 

763 





5419 


t 


Sections. 



PELAGIC 



TOTAL 


Linear 
Dens. 

i of 
Group 

$ Of 

Total 

Birds 

1 

io of 

Pelagic ' 
Birds 1 

t- 

1 

t 

’No. 

d p of 

All 

Birds 

Linear 
Dens. 

.002 

100 

0.1 

0.1 

10 

0.1 

.001 

.514 

91.1 

20.0 

28.7 

3057 

22.0 

.495 

.054 

96.4 

2.1 

3*3 

305 

2.2 

.049 

.020 

90.7 

0.8 

1.1 

118 

0.8 

.019 

.6l4 

91.6 

23.9 

34.4 

3P31 

25.1 

.587 

.025 

87.8 

1.0 

1.4 

155 

1.1 

.025 

.021 

89.I 

0.8 

1.2 

129 

0.9 

.021 

.056 

27.0 

2.2 

3-2 

1135 

8.2 

.184 

.009 

4l.8 

0.4 

0.5 

122 

0.9 

.020 

.872 

75-5' 

34.0 

48.7 

6264 

45.0 

1.013 

.123 

44.0 

4.8 

6.9 

1517 

10.8 

.245 

a 

co 

28.0 

1.5 

2.1 

736 

5.3 

.119 

.027 

71.9 

1.1 

1.5 

210 

1.1 

.034 

1.789 


69.7 

100 

13,909 

100 

2.252 


6182 

CD 

1 

P 















































(See Table 5 for a comparison 


3. Discussion of Offshore Sections. 


of 




islands.) 


C* it 




Oahu . "Offshore" Oahu is often best considered to be as much 
0 miles from shore. During the winter months, January to March, the im- 


vicinity of Oahu is sometimes barren of many of the typically 


nearsue 

pelagic species as well as of breeding birds. Pomarine Jaegers and Black' 
footed Albatross were the most conspicuous birds, following ships from 5 
or 10 miles out of the harbor to 50-75 miles (jaegers) or 300-400 miles 
(Alba-cross). Sooty Terns, Red-footed Boobies, and Common Noddies were 
sporadically observed in small flocks. In spite of regular coverage of 
the waters south of Oahu, surprisingly little information is on hand. 


Kingman Reef 15 March • 

% 

Kingman Reef was briefly surveyed from a small vessel. A number of 
Brown Boobies were found roosting on the tiny bit of dry land present. Red- 
x'ooted Boobies, Sooty Terns, and Common Noddies were seen all about the 
Reef area where many small feeding flocks were present. 


Palmyra Island 15 and 18 March 


Between 0 and 10 miles offshore, approximately the following composi¬ 
tion of birds was, found: 

Sooty Tern 80$ , . 

Rea-footed Booby 13$ v \ x 

White-capped Noddy 5$ 

Common Noddy . 1$ 

White Tern l/2$ 

Blue-faced Booby l/4$ 

3rown Booby 1/4$ 

100$ (Based on 1000+ birds) 

While Brown Boobies are fairly common in the interior lagoons, few 
were found in the offshore waters. Blue-x'aced Booby immatures were pres¬ 
ent in low numbers. No breeding location of Blue-faced Booby was found 
during the island survey, but it was thought that a x'ew bred on the far 
eastern shore which was not covered.While the breeding population of 
W r nite-capped Noddy was estimated at a fairly high figure (ca. 20,000) rela¬ 
tively few ventured far from the island. Several large (300+) bird flocks, 
chiefly Sooty Terns, were observed south of the island. To the noruh 
flocks seemed smaller. The large feeding flocks were composed of all the 
major breeding species, roughly in the proportions given above. 


Washington Island 19 March 

M. Thompson and R. Chandler approached to within one mile of the 
southwestern end of the island around noon of the 19 th aboard a small ves¬ 
sel. Due to high surf and schedule delays no attempt was made mo land a 
survey party. At the same time, offshore observations were also being 
uaken from the large vessel located some four miles to the west of the is¬ 
land. The following birds were recorded by one or both parties: 
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Snecies 

No. 

Percent 

Red-footed Booby 

26 

^•3 

Frigate sp. 

6 

1.0 

White-capped Noddy 

215 

35-3 

Common Noody 

61 

10.0 

Noddy sp. 

200 

32.8 

Blue-Gray Noddy 


.5 

White Tern 

99. 

16.5 

• 

610 

100 


The following information might be surmised from the above: Both 
White-capped and Common Noddies breed commonly. Red-footed Booby is likely 
a regular breeder,surely at least a common rooster. Several light-phase 
birds were seen, but most were intermediate types (much the same ratio as 
found in the Palmyra population). Great Frigatebirds probably breed in 
moderate to low numbers. The Fairy Tern certainly is an abundant breeder. 
The offshore numbers indicate an island population that must exceed sev- 

m 

eral thousand. Without a doubt this is the largest•breeding concentration 
of this species in all the Line and Phoenix Islands, and it probably con¬ 
stitutes one-fourth to one-third of the total population of the two chains. 
Several Blue-Gray Noddies were seen about three miles offshore and must 
certainly represent a small breeding population. 

Notably abs'ent were Sooty Terns and White-tailed Tropicbirds. Sooty 
Terns would not be expected as breeders on this heavily vegetated island 
but White-tailed Tropicbirds should have been evident if they were present 
in any significant numbers. 

Large mixed feeding flocks (200+ birds) of Common and White-capped 
Noddies, White Terns, and Red-footed Boobies were conspicuous around five 
miles from the island. 


Fanning Island 


21 March 


The approach to Fanning reflects the relatively sparse number of 
birds present on the island. The chief breeding birds (Noddies, White 
Terns, Red-footed Boobies, and Frigates) are chiefly concentrated on the 
eastern (noninhabited) sections. Brown Boobies, which may breed but were 
not located during the island survey, were surprisingly conspicuous around 
the western opening to the lagoon where several birds, adults and im¬ 
mature s, were seen. Soaring Frigates were scattered around the edges of 
the island. An adult bird was seen with what was described as an orange 
Sand-Johnston streamer, but since natives occasionally have captive birds 
with tethers of some unknown sort the record is open to some question. 

No noticeable flocking was seen offshore. An accidental small Pterodroma 
was seen about two miles from shore. 


Christmas Island ‘ 25 March 

During the day the offshore region is typically a mixture of the 
breeding populations in scattered and ^diverse combinations. During the 













visit Sooty Terns were at a breeding ebb and relatively few flocks were 

Dawn and dusk traveling flocks of Christmas and Wedge-tailed Shear 

.. ana Phoenix Petrels are much in evidence. A typical offshore pe 

centage count might be as follows (rough estimation): 


seen. 
waters 


v* — 


Percent 


Sooty/siender-bill Shearwater 1 


Wedge-tailed Shearwater 15 
Christmas Shearwater 6 
Phoenix Petrel 6 
Red-tailed Tropicbird 2 
Blue-faced Booby 2 
Brown Booby 1 
Rea-footed Booby 10 
Frigatebird 2 
Shorebird 1 
Common Noddy 3 
White-capped Noddy 2 
Blue-gray Noddy . 1 
White Tern ' 3 
Sooty Tern b5 

100 


ft 

Moderate-sized feeding flocks were present within five miles. Sooty 
Shearwaters were identified close to Christmas in much higher numbers 
found in the waters around other Line Islands to the north. Birds not 
corded off Christmas include Bulwer Petrel, White-throated Storm peurei 
and Crested Tern. 


than 

re- 


Jarvis Island 


2b & 28 March 


During the day Sooty Terns were almost absent around the island. A 
prebreeding swirl began arriving before dusk and ouilt up ^o ca . one-half 
million. The absence of offshore feeding of this bird is in greatly 
marked contrast to the superabundant feeding flocks found on tne previous 
visit (August i 960 ). Some facets of this are discussed in the Jarvis Is¬ 
land preliminary report. During the daytime the most conspicous elements 
offshore were flocks of Red-footed Boobies oeing harrassed very heavily ay 
Frigates. At dawn and dusk Blue-faced Boobies were present more commonly. 
Although the Red-tailed Tropicbird population was only beginning to build 
up, birds were seen fairly commonly offshore. 



Daytime i * 

Evening 

Rea-tailed. Tropicbird 

5 

1 

Blue-faced Booby 

20 

35 

\ 

Brown Booby 

5 

b 

Red-footed Booby 

50 

bo 

Frigatebird 

20 

20 

(Sooty Tern) 


<100 Birds ca. l/2 Million Birds 




* Estimates 


© 













Malden Island 


30 March 1 April 


The offshore region of Malden is fairly restricted in the sense used 
in this report. Regular log observations could be taken right up to the 
beach without undue overloading of the recorder. Birds offshore, in other 
words, are not abundant. At the western end of this large island, where 
most offshore estimates were made, the birds present are mostly roosters 
as the majority of the breeding birds are on the western side. Red-footed 
and Blue-faced Boobies were the most common here. Frigates were occa¬ 
sional and Fairy Terns from a small breeding area by the landing were also 
present. 

A hypothetical diurnal survey from 1-3 miles off the landing is 
given as follows: 
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#/Hr. of 
slow cruising*' 


Blue-faced Booby 

21 

15 *• 

Brown Booby 

4 

3 

Rea-footed Booby 

28 

20 

Frigatebird 

14 

10 

Fairy Tern 

11 

8 

Sooty Tern > 

14 

10 

Noddy sp. 

8 

5 

Total 

O 

O 

rH 

71 birds per hour 

A few small groups 

of Boobies and 

Frigates were seen, and sm 


traveling flocks of Sooty Terns were present. Low numbers of all tnree 
Roddies would be expectable. Gray-backed Terns were recorded some 15 
miles offshore. Since at least one White-throated Storm petrel was ob¬ 
served during the island survey this species ought to be a possible off¬ 
shore bird, but otherwise no other Procellariformes were evident. Golden 
Plovers, common on the island, may be found slightly offshore. The 
eastern offshore would include proportionally more Noddies and Red-footed 
Boobies. 


Starbuck 


2-4 April 


- <• a 


An uncommonly barren offshore region. Near the Sooty colonies at 
western end crepuscular traveling Sooties were common, but little offshore 
feeding was noted. Several Frigatebirds and a single Wedge-tailed Shear¬ 
water were observed offshore. The small roosting population of Blue-faced 
Boobies (ca. 50) was not in evidence offshore, appearing only around 
dusk at the northwest end. 


Wet Lines vs Dry Lines 

■4 

The north to south chain of the Line Islands shows, more or less, a 
climatic trend from wet to dry and a similar trend in bird populations. 
This is briefly outlined as follows: 


/ 
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*X-X* 

Order of 

Wet or Wetness 


Islands (N to S) 

Palmyra 

Dry (Wet 

to Dry) 

Ma.ior Breeding Species in Order of Abundance 

Wet 

(2) 

(l) Sooty 'Tern. (2) Red-footed Booby. 

(3) (2?) Hawaiian Noddy, (h) Common Noddy. 

Washington 

Very Wet 

(1) 

(l) Noddies. (2) Fairy Tern. (3) ? Kokikokiko, 
Lorikeet. 

1 Uli.4 iliiQ 

Wet 

(3) 

(l) Common Noddy. (2) Red-footed Booby. 

(3) Great Frigatebird. 

Christmas 

*x* 

Wet/Dry 

(4) 

(l) Sooty Tern. (2) "Procelarids". (3) Noddies. 

Jarvis 

Very Dry 

4^ 

(7) 

(l) Sooty Tern. (2) Blue-faced Booby. (3) frig¬ 
ates. (4) Red-footed & Brown Booby. (5) Red¬ 
tailed Tropicbird. 

* 

Malden 

Dry 

(5) 

(l) ? Blue-faced Booby. (2) ? Sooty Tern. 

(3) ? Noddies. 

Starbuck 

Dry 

(6) 

(l) Sooty Tern. 


* Coconuts are said to be successfully grown where annual rainfall 
exceeds 42". Christmas Island's average rainfall is about 4C", 
making it a marginal wet isuand, oy the coconut criteria* 


** From general vegetation characteristics. 

Assuming other factors equal the major Line Island breeding species 
could be listed somewhat in order of humidity preference from the above 
information: 


Lanabiras 

Very wet 

1.0 

White Tern 

Very wet 

1.0 

Wlnite-capped Noddy 

Very wet - wet/dry 

2 R 

Common Noddy 

Very wet - wet/dry 

2.) 

Red-footed Booby 

Wet - very dry 

4 . VJ 

Procellarids 

Wet/dry 

4.0 

1 . c* 

Sooty'Tern 

Wet - very dry 


Great Frigatebird 

Wet - very wet 

5.0 

Blue-faced Booby 

Dry - very dry 

o .0 

Lesser Frigatebird 

Very dry 


Rea-tailed Tropicbird 

Very dry 

7.0 

* Mean figure in relation 

to order of wetness scale. 


Phoenix Islands 

23 , 2b, 2 6 January 



In general the offshore observations of the Phoenix Islands are, 

I 


/ 
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expectedly, direct reflections of the populations using the island. Dif¬ 
ferent species vary, however, in how the offshore observations can be used 
as a yardstick to estimate the island population. That is to say, the 
ratio of species observed offshore is not always the same ratio iound dur¬ 
ing the island census. Below is an arbitrary scale which is an attempt to 
express this situation. Blue-faced Booby is here taken as a standard on 
which to relate other species. The arbitrary ratio, 1:10, for Blue-faced 
Booby is defined as: for .every Blue-faced Booby observed during a few 
hours' cruise around an island, from 2-7 miles distant, ahout 10 Blue-faced 
Boobies will be found utilizing (roosting or breeding on) the island. 


Sbecies 


Ratio Approximation 


Wedge-tailed Shearwater 

Christmas Shearwater 

Audubon Shearwater 

Phoenix Petrel 

White-throated Storm Petrel 

Red-tailed Tropicbird 

Blue-faced Booby 

Brown Booby 

Red-footed Booby 

Frigatebird 

Shorebird 

Gray-backed Tern 

Sooty Tern 

Blue-gray Noddy 

Common Noddy 

White-capped Noddy 

White Tern 


1:125 

1:225 

1:250 

1:150 

1:200 

1:20 

1:10 

1:40 

1:50 

1:10 

1:20 

1:100 

1:100 (eggs) to 1:20 (chicks) 

1:125 

1:50 

1:75 

1:30 


Tutuila. American Samoa 8 & 12 April 


Approaching and leaving Tutuila on the north side, large feeding 
flocks were encountered as has been noted on previous cruises. Sometimes 
uhe flocks are within 10 miles or so of the island and are best considered 
offshore-type observations. The following is a hypothetical 5>-count mat 
might be obtained with some concentrated offshore observations at ca. 5-15 
miles. Sooty Tern is usually absent. 


Soecies 

. ... ■— 

Common Noddy 
White-capped Noddy 
Rea-footed Booby 
W T hite Tern 

Wedge-tailed Shearwater 
White-tailed Tropicbird 
Small Pterodroma 
• Brown Booby 

Sooty Shearwater 
Audubon's Shearwater 
Tahiti Petrel 
Shorebird 

/ 

/ 


5) Estimated (Idealized) 

15 

30 

8 

6 (sometimes more) 
5 (or more) 

3 (sometimes more) 
1 

Less than 1 
Less than 1 
Less than 1 
Less than 1 
Less than 1 
(ca. )"l00 













Dark- and intermediate-phase Red-footed Boobies account for 80 - 90 - 
percent of the records, but a surprisingly high number of white-phase 
birds are regularly seen. Many of the large flocks of noddies and boobies 
contain one or two small Pterodroma , Sooty Shearwaters, or Audubon Shear¬ 
waters. Wedge-tails are usually found, under careful scrutiny, as well. 
(See the species account for Tahiti Petrel.) 


Viti Levu 


8 February 


An idealized offshore list on the southeast side of Viti Levu at 
about 8-10 miles from shore is as follows: 


Suedes 



White-capped Noddy 
Red-footed Booby 
Common Noddy 
Crested Tern 
Brown-winged Tern 
Sooty Tern 
White Tern 

Wedge-tailed Shearwater 
Tahiti Petrel 
Black-napea Tejrn 
3rown Booby 


^5 

25 

10 

5 

k 

3 

3 

3 

1 

Less than 1 

Less than 1 

100 



Noddies in this area tended to flock regularly whereas White, Sooty, 
Brown-winged, and Crested Terns were encountered in smaller, often iso¬ 
lated groups. White-phase Red-footed Boobies were very common, perhaps 
one-third to one-half of the total. Shearwater/Petrels occasionally 
glimpsed at a distance were thought to have been Tahiti Petrels. 31ack- 
naped Terns and Reef Herons (light and dark) were observed around the Suva 
Harbor entrance. A Fruit Bat ("Flying Fox") was observed about one mile 
from shore. 


/ 


C. Discussion of Interisland Sections 


While the offshore discussions are based almost entirely on my own 
personal intuitions and general impressions, the data for interisland sec¬ 
tions are chiefly taken from the daily log sheets of regular underway ship 
observations. Full or partial days of observations are the smallest units 
used in the breakdown, so that a given interisland day may include portions 


mv 


of observations more suitable for "offshore or "pelagic sections, 
overlap is not serious and detracts little from the interisland concept. 
The three major interisland sections are presented in a general compara¬ 
tive way in the following table: 












9 



Linear Density (Rounded off) 


Soecies 

Lines 

Phoenix 

Fi.]i 

Scoty/Slender-bill Shearwater 

0.2 (-) 

0.0 (+) 

0.0 (+ 

Wedge-tailed Shearwater 

0.2 

0.1 

0.5 

Christmas Shearwater 

.020 

. 0.0 

0.0 

Audubon Shearwater 

0.0 

.008 

0.003 

Phoenix/lahiti Petrel 

,0h0 

.004 

0.0(+) 

Pterodroma sp. 

.010 

0.0 

.003 

Bulwer Petrel . 

.060 

0.0 

0.0 

Storm Petrel 

.030 

0 

'LPv 

O 

• 

.003 

White-tailed Tropicbird 

• .010 

0.0 

. .021 

Bed-tailed Tropicbird 

.010 

.010 

.003 

Blue-faced Booby 

.050 

.4 

0.0 

Brown Booby 

.030 

.004 

.006 

Bed-footed Booby 

2.6 

0.1 

0.5 

Frigatebird 

.020 

.1 

.1 

Gray-backed Tern . 

0.0 

0 

0 

• 


Brown-winged Tern 

0.0 

• 0.0 

.05 ( 

Sooty Tern 

4.8 

2.6 

.01 

Crested Tern 

0.0 

0.0 

.03 

Blue-gray Noddy 

.020 

.060 

0.0 

Cordon Noddy 

.3 • 

.2 

.1 ( + 

White Capped Noddy 

.05 (+) 

.3 

1.0 

White Tern 

2.4 

.01 

.2 

# Days or part days 

'' 4 

4 

4 

# Miles of Obs. 

194 

243 

326 

Overall Linear Density 

11.3 

4.0 

3.2 


(+) Indicates that the computed figure might be misleadingly 
low for some reason. 

(-) Indicates the computed figure might be misleadingly high 
for some reason. 

1. Line Islands - Interisland Section 

Species occurring in all three sections: 

Sooty/Slender-billed Shearwater 
Christmas Shearwater 
Bulwer Petrel 

Pterodroma sp. (Also seen in Fiji Section) 

White-tailed Tropicbird (Also seen in Fiji Section) 

Blue-faced Booby (Also seen in Phoenix Section) 

Blue-gray Roddy (Also seen in Phoenix Section) 

Species with highest interisland linear density occurring in Line 
Island section: 


/ 
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Interisland species not recorded in Line Island section: 

Audubon Shearwater 
Gray-backed Tern 
Brown-winged Tern 
Crested Tern 

White-throated Storm Petrel 

Inasmuch as there is very little at-sea information for the waters 
around the Line Islands, the data has been broken down to sections between 
the various islands: Kingman to Palmyra, Washington to Fanning, Fanning 
to Christmas, Christmas to Jarvis, and Jarvis to Malden which is included 
in the pelagic discussion. 

Palmyra to Washington and other missing sections were traversed 
nocturnally. 


Kingman Reef to Palmyra Island 


15 March - 


Area covered 


20 miles north of Kingman Reef to 5 miles northwest 

t 

Palmyra Island 


# Miles of OBS. > ; 52 


Time Period 


Soecies 


: 0652-1335 


V. 


1 


# 


Sooty Tern 
Rea-footed Booby 
White Tern 

Wedge-tailed Shearwater 
Blue-faced Booby 
Brown Booby 
White-capped Noddy 
Bulwer petrel 
Storm Petrel 
Frigatebird 
Phoenix/Tahiti Petrel 
Miscellaneous 


75-3 

20.3 

1.7 

0.7 

0.6 

o.5 

0.4 

0.2 

0.1 

0.1 

0.1 

0.2 

100 


857 

231 

19 - 
8 
6 

5 

4 

2 

1 

1 

1 

_2_ 

1137 


This very active region may have some statistical records for the 
Central Pacific area. The overall linear density of 21.9 birds/mile was 
fairly constant throughout the 52 miles covered. Perhaps even more inter¬ 
esting is the figure of 4.5 sightings per mile (34/hour) reflecting -one 
widely scattered distribution and lack of large flocks (average sighting 
five birds). This is an unusual occurrence for Sooty Terns, the principal 
species, at these distances from a breeding island. 

While Kingman Reef itself does not have sufficient dry land lor breea 1 
ing, the extensive reef waters are apparently a rich source of food which 




/ 
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is probably never depleted by over-feeding. The large Palmyra breeding 
populations must rely heavily on this somewhat distant but continually 
rich food area. 

• *> 

A proportional direction of movement compass rose for birds observed 
between Kingman Reef and Palmyra indicates some sort of a back—and—forth 
movement: 


Kingman 


<3 NE 



Number of sightings of 
movement in the indicated 
direction. 


•ij 

Palmyra 




The data suggests, though, the unprovoked trend for Dirds to travel 
from essentially nowhere to no place. I suspect the observers may have 
erroneously bub consistently recorded the wrong direction of travel.^ if 
the compass directions relative to the course the ship had been on for the 
four days previous to the 15th had been used on the 15th, instead zzi&iz- 
ing the necessary adjustment, the above discrepancy would (and evidently 
did) occur. There was, in fact, a detectable movement between Kingman 

and Palmyra. 


Washington to Fanning 


19 March 


Area covered 


: About 5 miles south of Washington to about midway be 
tween Washington and Fanning 


# Miles of Obs.: 45 


Time Period 


Species 


1340 to 1852 (sunset) 


1 


White Tern 
Red-footed Booby 
Common Noddy 
White-capped Noddy 
Noddy sp. 


57.0 

26.4 

8.4 

3.3 

4.2 


# 


464 

215 

68 

27 

34 
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Species 

.$ 

# 

» 

(All large Noddies) 

(15-9) 

(129) 

Blue-gray Noddy 

0.2 

2 

Sooty Tern 

0.1 

1 

Wedge-tailed Shearwater 

0.1 

1 

Storm Petrel sp. 

0.1 

1 

White-tailed Tropicbird 

0.1 

1 


100 8l4 Overall Lin. 

Dens. = 18.0 88 

The extraordinary features of this section are l) the very high linear 
density of White Tern (10+ birds/mile), 2) virtual absence of Sooty Tern. 

Large (10CH-) feeding flocks were observed up to 50 miles from the 
island. The composition of the flocks was approximately as follows: 

Fairy Tern 55$ 

Red-footed Booby 30$ •* 

Noddy Tern 15$ 

Noddies and Fairy Terns were heading towards Washington in the late after¬ 
noon. 

Fanning to" Christmas 21 March 

Area covered : From 10 miles south of Fanning to some 45 miles 

southeast of Fanning; about one-third of the way 
between Fanning and Christmas. 


# Miles of Obs.: 35 


Time Period : 1500-1846 ( 

•"V 

sunset) 


• 

Species 

.$ 

#. 

Red-footed Booby 

51.4- 

36 

White Tern 

15.7 

11 

Bulwer Petrel 

12.9 

9 

Wedge-tailed Shearwater 

5.7 

4 

White-capped Noddy 

5-7 

4 

Phoenix Petrel 

2.9 

2 

Storm Petrel sp. 

1.4 

1 

White-tailed Tropicbird 

1.4 

1 

Frigatebird sp. 

1.4 

1 

Sooty Tern 

r 

1.4 

1 

70 

Linear Density 2.0 


Of the northern Line Island interisland segments this is the most 
sparsely populated. The major species, Red-foots and Fairy Terns are 

* 

i 

< / 

/ 

/ 

I 

* t * 

^ • 
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presumably all representatives of the Fanning Island populations. Bulv/er 
Petrels, the third most abundant species, became commoner late in the day 
(closer to Christmas Island) as did Phoenix Island Petrels and Wedge-tailed 
Shearwaters. Bulwer Petrels, however, were not recorded during the brief 
Christmas Island survey nor were they seen during offshore periods or be¬ 
tween Christmas and Jarvis. The linear density of Bulwers, .25 birds/mile, 
is easily the highest recorded anywhere during the four months but the 
logical explanation, that they were from local Christmas Island breeding 
populations,is not immediately substantiated by the data. 

Christmas to Jarvis 25 March 


Area covered 


About 10 miles southwest of Christmas Island 
to about one-third of the way to Jarvis Island 


■jf Miles of Obs.: 62 

Time Period : , 1200-1845 (sunset) 


Species 

i 


Sooty Tern 

3i.o 

53 

Rea-footed Booby 

19.2 

33 

Sooty/Slender-billed Shearwater 

19.2 

33 

Wedge-tailed Shearwater 

14.6 

25 

Phoenix/Tahiti Petrel 

, 2.9 

5 

Storm Petrel 

Xi.8 

3 

Shearwater/petrel 

1.8 

3 

Blue-faced Booby 

. 1.8 

3 

Christmas Shearwater 

1.1 

2 

Red-tailed Tropicbird 

1.1 

2 

Frigatebird 

1.1 

2 

Blue-gray Noddy 

1.1 

2 

Pterodroma 

1.1 

2 

Miscellaneous 

1.1 

2 


100 

171 

Most of the observations are 

expected 

result 


Linear density = 2.?o 
results of the proximity to 


the most significant point of interest. I believe most if not ail were 
Sooty Shearwaters. No Sooty/Slender-bills were observed to the north 
among the Line Islands. This may have some implications on the migration 
route and is discussed further in the species account. 

l 

Little flocking activity was noted in this section (average # birds/ 
sightings = 2.5)• 


2. Phoenix Islands 23, 24, 26 January 

Area covered : Southern Grid (2°S) to Enderbury via Canton; between 

Enderbury and Phoenix Islands 

4 

# Miles of Obs.: 243 


I 



/ 




4 
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Species 

-Jo 

# 

Sooty Tern 

ft 

63.3 

620 

Blue-faced Booby 

11.1 

109 

White-capped Noddy 

6.6 

65 

Common Noddy 

4.8 

47 • 

Prigatebird 

3.2 

31 

Wedge-tailed Shearwater 

3.1 

30 

Red-footed Booby 

2.6 

25 

Blue-gray Noddy 

1.4 

14 

Gray-backed Tern 

1.0 

10 

White-throated Storm Petrel 

0.9 

,9 

White Tern 

0.3 

3 

Leach Storm Petrel 

0.2 

2 

Rea-tailed Tropicbird 

0.2 

2 

Phoenix Petrel 

0.1 

1 

Brown Booby 

0.1 

1 

Miscellaneous 

-Q^_ 



100 

979 


Lin. Dens. = 4.03 

Species occurring in the Phoenix Island section but not occurring in 
all three interisland sections: 

White-throated Storm Petrel 

Audubon Shearwater (Also seen in Fiji section) 
Gray-backed Tern 1 .. 

Blue-gray Noddy (Also seen in Lines section) 

Blue-faced Booby (Also seen in Lines section) 

Species with highest interisland linear density occurring in Phoenix 
section: 

Frigatebirds 
Blue-faced Booby 
Blue-gray Noddy 

Interisland species not recorded in Phoenix island section: 

• 

Sooty/Slender-billed Shearwater 

Christinas Shearwater 

Pterodroma 

Bulwer Petrel 

White-tailed Tropicbird 

Brown-winged Tern 

Crested Tern 

Except for Leach Storm Petrels the above listing'is typically rep¬ 
resentative of local breeding birds. Leachs are usually in low numbers 
anyway. Most of the Procellarid species were recorded near Phoenix Is¬ 
land. The non-Sooty Terns were mostly logged between Enderbury and 
Phoenix. Gray-backed Terns were seen near Canton. 


/ 

/ 

/ 
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Fiji Islands 


Area covered 


7, 8, 12, 13 February 

Nanuku Passage east of Taveuni to Suva, Viti Levu, 
and back. (See Figure No. ) 


$ Miles of Obs.: 326 


Species 

ot 

7° - 


White-capped Noddy 

49-3 

513 

Wedge-tailed Shearwater 

15.8 

164 

Red-footed Booby 

15-1 

157 

White Tern 

5.0 

52 

Noddy sp. 

3.6 

37 

Frigatebird 

3.5 

36 

Common Noddy 

3.1 

32 

Brown-winged Tern 

1.5 

16 

Crested Tern 

0.9 

9 

White-tailed Tropicbird 

0.7 

7 

Sooty Tern 

0.4 

b 

Brown Booby 

0.2 

2 

Audubon Shearwater 

0.1 

1 

Pteroaroma sp. 

0.1 

1 

Storm Petrel 

0.1 

1 

Red-tailed Tropicbird 

0.1 

1 

Miscellaneous 

0.8 

8 

Total 

10036 . 

1041 


V 


Lin. Dens. : 3*2 


Species occurring in the Fiji section but not recorded in both other 
sections: ^ t 

White-tailed Tropicbird (Also seen in Lines) 
Brown-winged Tern 
Crested Tern 


Species with highest linear density occurring in the Fiji section: 

Wedge-tailed Shearwater 
White-capped Noddy 
White-tailed Tropicbird 


Species not recorded in Fiji section: 

Sooty/Slender-billed Shearwater 
Christmas Shearwater 
Bulwer Petrel 
Blue-faced Booby 
Blue-gray Noddy 

For some four days observations and collections were made in the Fiji 
Island complex. The fauna in general is quite discontinuous from the 
nominal program areas to the east and north. 
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* 

/ 
















Notable points were: l) Regular occurrence of Brown-winged and Crested 
Terns; 2) High proportion of white-phase Red-footed Boobies (ca. 1 / 2 ); 

3) Absence of Blue-faced Booby; 4) Low occurrence of Sooty Tern; 5) Good 
numbers of White Terns (a different form than the Phoenix/Line populations) 
6) Presence of Tahiti Petrel. 

White-capped Noddy and Red-footed Booby appear to be ecological re¬ 
placements for Sooty Tern and Blue-faced Booby. The apparent absence of 
Blue-faced Booby may in fact be a causative factor that led to the high 
• proportion of white-phase Red-foots. A number of unidentified Procellarids 
were chased by the skiff but none could be approached readily. These were 
almost all, I believe, Tahiti Petrels. About a dozen such birds were seen 
from the skiff but none were observed from the ship. 

4. Interisland Summary 

To recapitulate the dominant species in each interisland section the 
following lists show those species which contribute five or more percent 
to the section total: • 

Kingman to Palmyra 


1) Sooty Tern 

2) Red-footed Booby 


75# 

20 # 


Washington to Fanning 




1) White Tern 

2) Red-footed Booby 

3) Common/White-capped Noddy 


57# 

26 # 

16 # 


Fanning to Christmas 


1) Red-footed Booby 

2) White'Tern 

3) Bulwer Petrel 

4) Wedge-tailed Shearwater 

5) White-capped Noddy 


51 # 

16 # 

13# 



6 # 


Christmas to Jarvis 


1) Sooty Tern 

2) Red-footed Booby 

3) Sooty (?) Shearwater 

4) Wedge-tailed Shearwater 


31 # 

19# 

19# 

15# 


Phoenix Islands 


1) Sooty Tern 

2) Blue-faced Booby 

3) White-capped Noddy 


63# 

11 # 


7# 









Fiji Islands 


1) White-capped Noddy 49$ 

2) Wedge-tailed Shearwater 1 6 $ 

3) Red-footed Booby 15$ 

4) White Tern 5$ 


Sooty Terns, Noddies, White Terns, Red-footed Boobies, and Wedge¬ 
tailed Shearwaters are the conspicuous elements for the overall inter¬ 
island regions accounting for over 91 $ of all observations. 

D. Discussion of Pelagic Sections 

Bird abundances in the pelagic sections north of the equator and the 
sections south of the equator are tabulated in Table 8. Significant dif¬ 
ferences are underscored. 

Table 8. 


Linear Density Percent of all Birds 


Grout) 

North 

South 

Total 

North 

South 

Albatross 

w...- 00 3 .. , 

0.0 

.002 

- 0.1 

0 

Shearwater 

.384 

.666 

.514 

11.6 

17.1 

Fterodroma 

.08 5 

H, 

.. 018 

\o54 

2.6 

0.5 

Bulwer Petrel 

.022 • 

.017 

.020 

.7 

-4* 

• 

O. 

Storm Petrel 

.015 

.036 

.025 

.5 

0.9 

Tropicbira 

.021 

.021 

.021 

.6 

0.5 

Booby 

. -0^3 _ 

.072 

.056 

1.3 

1-9 

Frigatebird 

.004 

.015 

.009 

.1 

0.4 

Sooty Tern 

•598 

1.194 

OJ 

D 

CO 

• 

18.0 

30.7 

Noddy 

.004 

■ 262 

.123 

0.1 

6.8 

■White Tern 

.004 

.078 

.038 

0.1 

2.0 

Mi sc. 

.035 

.020 

.027 

1.1 

0-5 

Total 

1.250 

► 

2.42 

1.789 

37.7 

62.3 

Miles 




2923* 

2496* 

*Note: Miles 

of obs. close 

to equal; 

ie., $ shows 

comparative density 


also. 
























































Species occurrence in the nine pelagic sections are compared on a relative scale in Table 9 . 

TABLE 9 


• 

Jarvis- 
Malden 

Starbuck 
to Samoa 

Samoa 
to Grid 

Phoenix 
to Fiji 

N of 

12° N. 

12° N. 

12° N. 

to 5° N. 

5° N. 

5° N. 

to Grid 

Black-footed Alb. 

0 

0 

0 

0 

4 

0 

0 

0 

0 

Sooty/Slender Sh. 

44 

4 

0 

0 

— 

0 

- 

1 

0 

Wedge-tailed Sh. 

- 

4 

— 

1 

— 

* 

* 

4 


Christmas Sh. 

0 

4 

0 

0 

0 

••0 

0 

0 

4 

Newell^ Sh. 

0 

0 

0 

0 

4 

44 

4 

4 

0 

Audubon Shear. 

0 

4 

0 

0 

0 

0 

4 

44 

4 

Other Shear. 

0 

4 

0 

0 

4 

4 

4 

4 

4 

Phoenix/Tahiti Pet. 

4 

4 

. 4 

0 

0 

0 

4 

44 

0 

A 

Mottled Petrel 

4 

4 

0 

0 

4 

0 

0 

4 

0 

Dark-rumped Petrel 

0 

0 

0 

0 

4 

0 

0 

0 

0 

Pterodroma externa 

4 

0 

0 

0 

4 

44 

4 

4 

4 

Small Pterodroma 

- 

1 

jr# 

y V 

— 

— 

1 

1 

4 

1 

Pterodroma sp. 

- 

- 

0 

/0 

/ 

- 

44 

4 

4 

— 

Bulwer 1 s Petrel 

0 • 

4 

0 

4 — 

f 

- 

4 

4 

44 

0 

Storm Petrel 

44 

4 

1 

■ 1 

- 

- 

1 

4 

1 

Shearwater/Petrel 

1 

1 

- 

- 

• 

4 

1 

— 

44 

White-t. Tropicbird 

0 

1 

1 

1 

4 

1 

— 


0 

Red-t. Tropicbird 

0 

- 

0 

— 

— 

4 

1 

1 

0 

Blue-faced Booby 

44 

— 

0 

0 

— 

— 

— 



Brown Booby 

0 

4 

0 

0 

4 

0 

♦ • 

4 

0 

. c 

Red-footed Booby 

4 

4 

- 

- 

1 

4 

— 

1 

1 

Frigatebird 

4 

1 

- 

1 

— 

0 

0 

“ — 

0 

Skua/jaeger 

0 

0 

0 

0 

44 

0 

1 


0 

Sooty Tern 

4 

1 

1 

44 

— 

1 

“ — 

1 

4 

Blue-gray Noddy 

0 

0 

0 

4 

0 

0 

0 

0 

0 

Common Noddy 

0 

44 

4 

4 

4 

0 

0 

0 

0 

White-capped Noddy 

0 

4 

0 

— 

0 

0 

0 

0 

0 

White Tern 

1 

4 

4 

4 

- 

0 

0 


1 

Total 

4 

4 

1 

4 

- 

1 

- 

4 

1 


0 = Absent 

•- = Present, but at very low Din. density with respect to other areas. 
+ » Present, lin. density very high with respect to other areas. 

1 = Present, linear density about the mean. 


- = Present, lin. density below mean. 
4 = Present; or present lin. density 
above mean. 
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1. South Pelagic Sections 



Jarvis to Malden 

Area covered 


28, 29 March 

10 miles south of Jarvis to about 100 miles 
northwest of Malden 


# miles of obs.: 207 


Species 

Percent 

Number 

Sooty Tern 

54.5 

' 304 

Blue-faced Booby 

20.4 

114 

Sooty/Slender-billed Shearwater 

6.8 

38 

Storm Petrel 

5.4 

30 

Wedge-tailed Shearwater 

2.2 

12 

Red-footed Booby 

1.8 

10 

Frigatebird 

1.3 

7 

White Tern 

0.9 

• 5 

• 

Pterodroma sp* 

0.4 

2 

Phoenix Petrel 

0.2 

1 

Mottled Petrel 

0.2 

1 

Pterodroma externa 

0.2 

1 

Small Pterodroma 

0.2 

1 

Miscellaneous 


32 


100 558 Lin. dens. 


I 


2.70 


The section is only marginally "pelagic," a strong influence from 
Jarvis Blue-faced Boobies and Sooty Terns contributing to a large part of 
the total. Well over half the mileage is at pelaeic distance, mostly on 
the 29 th, when simultaneous observations were conducted on vessels 86 and 39* 
Sooty Shearwaters and Leach Storm Petrels were more abundant over this sec¬ 
tion than in any other section. Among the miscellaneous sightings were a 
Golden Plover, a possible New Zealand Shearwater, and a possible Red 
Phalarope. While Blue-faced Boobies were commonest close to Jarvis, sev¬ 
eral birds were seen around 150 miles from land. Jarvis and Malden must 
account for at least 90 percent of the Line Island Blue-faced Booby breed- . 
ing population. This area has the highest Blue-faced Booby linear density 
of ai 1 sections. 


Starbuck to Samoa 4-8 April 

Area covered : A 1000-mile stretch from Starbuck to Tutuila, 

American Samoa 


# miles of obs.: 1200 


t 
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Species 

Wedge-tailed. Shearwater 
Sooty Tern 
White-capped Noddy 
Common Noddy 

Sooty/S lender-billed Shearwater 

White Tern 

d-footed Booby 
Storm Petrel 
Shearwater/Petrel 
Bulwer's Petrel 
White-tailed Tropicbird 
Miscellaneous 
Prigatebird 
Small Pterodroma 
Phoenix/Tahiti Petrel 
Pterodroma sp. 

Christmas Shearwater 
Shearwater sp. 

Brown Booby 
Noddy sp. 

Audubon Shearwater 
Red-tailed Tropicbird 
Mottled Petrel 
Shorebirds 
Blue-faced Booby 


Percent 

Number 

34.2 

1102 

33.0 

1064 

10.2 

328 

8.6 

. 276 

3.V- 

109 

2.5 

80 

1.4 

44 

1.3 

4i 

1.2 

38 

0.9 

28 

0.6 

21 

0.6 

19 

0.5 

17 

0.5 

•15 ‘ 

0.2 

8 

0.2 

6 

0.2 

5 

0.1 

4 

0.1 

4 

0.1 

3 

0.1 

O 

0.1 

3 

0.1 

2 

0.1 

2 

0.1 

1 


100 3223 Lin. dens. 


2.69 


A good variety of birds, particularly Proceilarids, was present oyer 
this section. Wedgetails were abundant on the 7th and regular on the ‘tm, 
5th, 6 th, and 8 th, 200 to 300 miles east-northeast of Samoa. Sooty Shear¬ 
waters were regular; they were also noted to the north up to Christmas 
Island. New Zealand Shearwater, Christmas Shearwater, Audubon/Little 
Shearwater, Phoenix Petrel, Tahiti Petrel, White-winged(?) Petrel, Cook(?) 
Petrel, Mottled Petrel, and Bulwer Petrel were all recorded in low num¬ 
bers. Only a single Blue-faced Booby was seen (close to Starbuck). Soouy 
Tern numbers declined steadily over the five days. Both Noddies were 
common between the Manua Islands and Tutuila. No large number 01 Dxr^s 
from the Danger Island area was noted, partly due to the fact that it was 
passed during the night. Brown Boobies were present, however, and proo- 

ably were based on Danger. 

Simultaneous observations from two or three vessels were conducted 
over the track. A comparison of this information is included in a^ot^e*. 
section of this report. 

American Samoa to Southern Grid via Swains Island 12-15 April 


$ miles of obs.: 292 
Linear density : O .92 

# Birds : 269 



I 



l 

% 





/ 













Species 

Percent 

Number 

Sooty Tern 

67.7 

182 

Wedge-tailed Shearwater 

12.3 

33 

White Torn 

8.9 

24 

Common Noddy 

3.7 

10 

Leach(?) Storm Petrel 

2.2 

6 

White-tailed Tropicbird 

1.8 

5 

Phoenix/Tahiti Petrel 

0.7 

2 

Frigatebird sp. 

0.7 

2 

Small Pterodroma 

0.4 

1 

Golden Plover 

0.4 

1 

Miscellaneous 

0.7 

2 


100 269 


Most of the area vas very sparsely populated; the linear density for 
the first three of the four days (l8l miles of observation) was a scant 
O .38 birds/mile. . Seventy-five percent of the total birds was logged on 
the last day prior to entering the Southern Grid area. All the Sooty 
Terns were recorded on the last day, most of them shortly before sunset 
(ca . 4° S.). I believe these birds were continuous with the large num¬ 
bers recorded in the southern section of the Grid (ca. 2° S.) on the fol¬ 
lowing day (l6 April). Wedge-tails, Common Noddies, and White Terns were 
commonest just north of Samoa. White Terns were again regular in associa¬ 
tion with the Sooty Terns in the north Section. The middle section was a 
general bird vacuum with a linear density of only .162 birds/mile (over 
l42 miles of observation). This middle section includes the waters around 

Swains Island which failed to contribute any significant number of birds. 

✓ 

Phoenix Islands to Fiji Islands and return to Southern Grid _ 

2-6, l4-l5 February 

(Cruise track crosses date line twice. Consecutive days are 2, 3, 

5, 6 February (7, 8; 12, 13 February discussed under interisland, Fiji), 

14, 15 E, 15 W February). 

Area covered : About 10 miles west of Hull Island to about 

20 miles southeast of the Isles de Horne; 

60 miles northwest of the Isles de Horne to 
the Southern Grid. In total some 1500 miles 
essentially a. round trip from the phoenix Islands 
to the Fiji Islands and back. 

# miles of obs.: 797 


Species 

Percent 

Numbe 

Sooty Tern 

71.8 

1430 

Wedge-tailed Shearwater 

18.0 

357 

White Tern 

^.3 

85 

Blue-gray Noddy 

1.7 

34 

White-tailed Tropicbird 

0.9 

18 


( 89 . 8 *) 
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Species 

Percent 

Rumbe: 

Storm Petrel (Leach) 

0.8 

15 

Bulwer Petrel 

0.7 

l4 

Frigatebird sp. 

0.7 

13 

Miscellaneous 

0.5 

• 10 

t 

Small Pterodroma 

0.2 

k 

\ 

Red-tailed Tropicbird 

0.2 

k 

Tropicbird sp 

0.1 

2 

Red-footed Booby 

0.1 

2 

Common Roddy 

0.1 

2 

White-capped Noddy 

0.1 

2 

100 

1992 


A fairly clear-cut pelagic division with typically land dependent 
forms (Boobies, Frigates, Common and White-capped Noddies) accounting for 
only 1 percent of the total. The sighting of a flock of 32 Blue-gray 
Noddies in such a-pelagic region is of some interest and is discussed 
under the species accounts. 

This transect lends itself well to an interpretation in terms of zoo- 
geographical regions• As mentioned in the interisland discussion ohere 
are significant differences in the major constituents of tne avifauna 02 
the Phoenix and'Fiji Islands, i.e., replacement of the oooty Tern/ Blue- 
faced Booby association by the White-capped Roddy/Red-footed Booby associa¬ 
tion, and recognizable racial dissimilarity in Fairy Tern (and probaoly 
other species which I am not aware of, i.e., Sooty Tern, Whioe-capped^ 
Roddy,, etc.). Over the 600 miles or so separating the two faunal reg^o^s 
a transition zone is crossed. The nature 01 this buffer zone is 01 in¬ 
terest. Three general regions then would be expectable when going fro^i 
the Phoenix Islands to the Fiji Islands, and indeed the data collected 
demonstrates three distinct types of avifauna: 

1. Phoenix Island Fauna 

2. Transition Fauna 

3. Fiji Island Fauna 

Phoenix Island Fauna: Leaving Hull early in the morning of ohe 
Sooty Terns were very abundant but diminishing during the entire day 
(100+ miles), Frigatebirds (8 of the entire sections 13 )> ^ Blue -gray 
Roddy, Common Roddy, White-capped Roddy, Bulwer Petrel, Fairy Tern, ana 
Red-tailed Tropicbird were the other species recorded that day. On tne 
return section a similar list was recorded south of the Souoherxx Grid, 
west of the Phoenix Islands on 15-W February; Sooty Tern, Bulwer Petrel, 
Frigatebirds, Fairy Tern, Wedge-tailed Shearwater (2 only). 

Fiji Island Fauna: On 6 February, around the Isles de Horne, Wedge- 
tailed Shearwaters were common (40$), Fairy Terns also common (37>), Sooty 
Terns were present at a moderate level (11$), and White-tailed Tropicbiras 
were regular (5$). Also recorded were several terns thought to be Brown¬ 
winged, a possible Tahiti Petrel, and a Red-footed Booby* 


















ho 


Transition Fauna: On 3 February about midway between the two island groups 
the following were recorded: Sooty Tern (l flock of 110 birds), three Wedge¬ 
tailed Shearwaters, two White Terns, one small Pterodrorna sp., three Bulwer 
Petrels, four White-rumped Storm Petrels, and one Frigatebird. 

Thus, on the transition day the following types of birds were seen: 

1. Migrant species - Storm Petrels and Pterodrorna . 

2. Wide-ranging typically Phoenix Island species - The flock of 

Sooty Terns containing two White Terns and a Frigatebird; 
the three Bulwer Petrels. 

1 

3. Wide-ranging typically Fiji Island species - Wedge-tailed 

Shearwater; White-tailed Tropicbird. 

The transition area then is not of a "buffer-zone" nature with elements of 
both ecological regions freely intermixing, but is instead a relatively 
barren desert with-only wide-ranging species overlapping, and then only 
infrequently. 


This di 

scussion is summarized 

in Table 10. 


TABLE 10. Occurrence 

of^Species in Phoenix 

to Fiji Pelagic Section 


Typical 

. "Pelagic" Occurrence 

in: 


Phoenix Island Zone 

Transition Zone 

Fiji Island Zone 

Wedge-tailed Shear. 

Regular (Breeds) 

Probably regular 

Abundant (Breeds) 

Pterodrorna sp. 

Transient 

Transient 

Transient 

Bulwer Petrel 

Regular (Breeds) 

Straggler 

• 

Absent (Nonbreeder) 

Leach Storm Pet. 

Transient 

Transient 

Transient 

White-t. Tropicbird 

Rare (l breeding recor 

■d) Straggler 

Regular 

Red-t. Tropicbird 

Regular (Breeds) 

? 

Present (l record) 

31ue-faced 3ooby 

Regular (Breeds) 

Absent ? 

Present ? (Not recorded 

Red-footed Booby 

Regular (Breeds) 

Absent ? 

Common (Breeds) 

Frigatebird 

Regular 

Sporadic 

Regular 

Noddy 

Regular 

Sporadic 

Common 

Sooty Tern 

Abundant 

Sporadic 

Regular 

Fairy Tern 

Regular 

Sporadic 

Common 

Brown-winged Tern 

Absent (Nonbreeder) 

Absfent 

Regular (Breeds) 



Low Density 


All Birds 

High Density 

(Sporadically Highe 

r) High Density 


Recapitulation of Southern Pelagic Sections 


The following lists give those species which contribute five or more 
percent to the section total, and a brief characterization of each section. 


/ 


/ 



















Jarvis to Malden 


Sooty Tern 

Blue-faced Booby 

Sooty/Slender-billed 



Shearwater 
Storm Petrel (Leach) 


7# 

5# 


Two major elements; l) Jarvis-based Sooty Terns and Boobies; 2) 
Pelagic transients. 

Starbuck to Samoa 


34 # 

33# 

10 # 

9# 


Wedge-tailed Shearwater 
Sooty Tern 
White-capped Noddy 
Common Noddy 


Sooty Terns giving way to Samoan birds — Noddies, Fairy Terns, 
Red-footed Boobies. Procellarids well diversified. Wedge-tails common. 

Samoa to Grid 


68 # 

I2. d p 

9# 


Sooty Terns 

Wedge-tailed Shearwater 
White Tern 


Typical Samoan birds, Noddies, White Tern, etc., separated from 
typical Phoenix Island birds (Sooty Tern, etc.) by a low density region. 

Phoenix Island to Fiji Islands to Grid 

Sooty Terns and some typical Phoenix Island species tapering oif wioh 
subsequent increase of Wedge-tailed Shearwaters and some Fiji island 
specialties. 


General 


Except for the Jarvis to Malden section the southern pelagic sec^ons 
have in common a transitional relationship between the various island sec 

tions. The Line to Samoa section is fairly smooth. The Samoa to Phoenix 

section considered here is abrupt, but is not dramatic becanse Ox o^.e ^o^ 

densities throughout the segment. The Phoenix to Fiji section is abrupu 

and more dramatic because density fluctuations and species consoioueuuo 
are more significant. 

Sooty Tern alone or Sooty Tern and Wedge-tailed Shearwater dominate 
1 southern pelagic areas and there are very few days that one species 
or the other or both together do not account for one-hall to three- 
fourths or more of all birds seen. 









2. North Pelagic Sections 


9-15 January, 23-28 February, 
1, 11-14 March, 23-29 April 



Area covered : Three tracks between the Southern Grid area 

(2° N. 175-179° W.) to Oahu, and one track 
from Oahu to Kingman Reef 

# miles of obs.: 2923 

TA3L2 11. Occurrence of Species in North Pelagic Region 

i of N. $ of 

Pelagic Total $ of 

* 

Species Number Birds Birds Species 

Linear 

Density 

Black-footed Albatross 


10 

0.3 

0.12 

100 

.003 

Sooty/Slender-billed Shearwater 

• 6b 

1.8 

0.4 

26 

.022 

Wedge-tailed Shearwater 


1029 

28.2 

7.4 

37 

.352 

Christmas Shearwater 


1 • 

* 

* 

13 

* 

Newell Shearwater 


13 

0.4 

0.1 

100 

.004 

Audubon Shearwater 

• 

9 

0.2 

•. 0.1 

60 

.003 

Other Shearwaters 


6 

0.2 

* 

50 

.002 

Phoenix/Tahiti Petrel 


l4 

0.4 

0.1 

4l 

.005 

Mottled Petrel 


4 

0.1 


57 

.001 ' 

Dark-ruriped Petrel 


2 

0.1 

* 

100 

.001 

Pterodrcna externa 


145 

4.0 

1.0 

100 

.049 

Small Pterodroma 


Si 

0.8 

0.2 

57 

.011 

Pterodroma sp. 

- 

53 

1.5 

0.4 

85 

.018 

Bulwer Petrel 


65 

1.8 

0.5 

55 

.022 

Storm Petrel (Leach) 


44 , 

1.2 

0.3 

28 

.015 

Misc. Shearwater/Petrel 


89 

2.4 

. 0.6 

59 

.030 

White-tailed Tropicbird 


43 

1.8 

0.3 

45 

.015 

Red -tailed Tropicbird 


18 

0.5 

0.1 

60 

.006 

Tropicbird sp. 


1 

** 

* 

33 

* 

Blue-faced Booby 


55 

1.5 

0.4 

19 

.019 

Brown Booby 


5 

0.1 

* 

26 

.002 

Red-footed Booby 


57 

1.6 

0.4 

7 

.019 

Booby sp. 


9 

0.2 

0.1 

• 47 

.003 

Frigatebird sp. 


12 

0.3 

• 0.1 

10 

.004 

Shorebird 


1 

* 

* 

l6 

•K 

Skua 


1 

* 

* 

100 

w 

-*r 

Jaeger 


42 

1.2 

0.3 

100 

.014 

Sooty Tern 

0 

1748 

47.9 

12.5 

28 

.5 97 

1 

Common Noddy 


13 

0.4 

0.1 

3 

/'V'Vi 

1 

White Tern 


12 

0.3 

0.1 

2 

.00-4 

Miscellaneous Birds 


58 

1.6 

0.4 

bo 

.020 

m^.4- c *r 

x 0 OOI 


3654 

100 

26.3 ■ 


1.250 
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Group 

Albatross 

Shearwater 

Pterodroma 

Bulwer Petrel 

Total Shearwater/Petrel 

Storm Petrel 

Tropicbird 

Booby 

Frigate 

Soouy Tern 

Common Noddy 

White Tern 

Miscellaneous 

Total 

Species contributing 1 percent 

Sooty Tern 

Wedge-tailed Shearwater 
Pterodroma^externa 
Bulwer Petrel 
Sooty/Slender-billed Sh. 
White-tailed Tropicbird 
Red-footed Booby 
Blue-faced Booby 
Storm Petrel (Leach) 

Jaeger 


io of N. 


Number 

Pelagic Bird; 

10 

0.3 

1122 

30.8 

249 

6.8 

65 

1.8 

( 1525 ) 

(4l.8) 

44 

1.2 

62 

1.7 

126 

3.5 

12 

0.3 

1748 

47.9 

13 

0.3 

12 

0.3 

102 

2.8 

3654 •• 100 

or more to the north pelagic total 


^ 7.9 ) .x 

28.2 ) w 0 * 1 ) 

4.0 

1.8 

1.8 

1.8 

1.6 

1.5 

1.2 

1.2 

91.05o 



During the four-month period of survey work almost half of the non-Grid 
diurnal miles of observation were spent in this region. Over 3600 birds of at 
least 29 species have been recorded over the 2923 diurnal miles. An addi¬ 
tional 96 birds of 5 species have been logged during 323 nocturnal miles. 


The large amount of data compiled is noteworthy in itself, but addi¬ 
tional factors make this a region of extremely high interest, l) The same 
route has been traversed quite regularly and consistently for a full year, 
and somewhat less consistently for several years. 2) The region is,for 
the most part, distant enough from land so that there is little influence 
from strongly land-based birds. 3) The nearest islands on all sides have 
been periodically surveyed by POBSP personnel so that observations at sea 
can be correlated with surrounding island populations which influence the 
regions avifaunal composition. 4) Oceanographic conditions have been system 
actically recorded by bathythermograph soundings since late 1965* 

The north pelagic bird data are analysed here as a function of two 
factors, latitude and oceanographic features as measured by bathythemo- 
grams. In the following discussion I will attempt to show various aspects 


I 
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of the relationships existing between bird distribution, vertical tem¬ 
perature, structure of the water, and latitude. Eor the most part other 
possible parameters such as weather, time, proximity to land, and longi¬ 
tude are not dealt with or are mentioned only in passing. Temporal varia¬ 
tions in bird distribution are very important in this region, but are not 
analyzed in detail here because the four-month period involved is, on the 
whole, a fairly static part of the years. 

Water components vs. latitude 

«r 

Since the oceanographic features of this region of the Pacific con¬ 
sist primarily of east-west belts, the horizontal rate of change is very 
great with respect to latitude and very small with respect to longitude. 

I have little information on longitudinal variations of the features to 
be discussed but my feeling is: for the oceanic area between 0° - 20° N.; 
l40°W- 180° variations in the east-west direction at any given time are 
negligible compared to the seasonal change. Consequently, the effect of 

longitude is not considered further in this treatment. 

♦ 

There are four major water masses crossed when traversing the some¬ 
what over 20° of the latitude between the Equator and Oahu, l) South 
equatorial current — up to ca. 3° N. 2) Equatorial countercurrent — 
ca. 3° - 12° N. 3) North equatorial current -- eg,. 12° -l6° N. 4) North 

Pacific centrals water north of 1 6 ° N* 


Data Analysis 

Bathythermograph (BT) data were taken during all or part of each 
cruise through the region. While the data have been sent to other organi- 
cations for final analysis, some preliminary analyses have been done dur¬ 
ing and immediately following the field work by Dr. Robert Pyle and myself. 
In many respects the preliminary analyses prove to oe more valuable xor at 
least 2 reasons, l) The data can be extracted immediately and used to 


supplement current bird observations. 2) Pertinent measurements of tne 
data can be selected in order to best show relationship to the bird ooserva- 
tions. The BT data and bird distributions are both presumed to show some 
degree of association with the availability of suriace iood. We are inter¬ 
ested in relating the BT information to the bird distribution because the 
3T measurement is more readily obtained than any other measure ox the .otu 
availability. Viewed in this light both the bird observations and the ^BT 
soundings become a set of parameters measuring a single phenomenon, and 
can be treated rather artificially. The goal in concurrently presenting 
the two sets of data is to demonstrate where objective similarities vP e nks, 
lows, etc., on a graphical display) exist, and to interpret the correla¬ 
tions subjectively in light of their ecological significance. 

\ 

A series of such manipulations have been made and presented graph¬ 
ically and some appear useful. They are presented after a general section 

discussion. 


Bird Sections 



i 


A cursory inspection of the data consistently shows that two peaks 02 


/ 


























general activity are present; one at about 5° N. and. another at about 12* N. 
These two high-activity zones, and areas to the north, to the south, and be¬ 
tween them, are different enough to be treated as separate sections. Ac¬ 
cordingly, each of the 24 days spent in the north pelagic section has been 
assigned to one of these sections. 


North of 12° N. 


9, 10, 11 January; 27-28 February; 1, 11, 
12 March; 28-29 April. 


# Miles - 998 

$ Days - 10 

$ Species- 21 


Species 

Percent 

Number 

Sooty Tern 

48.9 

290 

Wedge-tailed Shearwater 

13.3 

79 

Jaeger sp. . 

6.1 

36 

White-tailed Tropicbird 

5 A 

32 

Red-footed Booby 

3.7 

22 

Blue-faced Booby 

3.4 

20 

Bulwer Petrel 

2.5 

15 

Common Noddy 

2.1 

13 

Pterodroma externa 

2.1 

13 

31ack-footea Albatross 

1.7 

10 

Misc. Shearwater/Petrel 

.. 1.7 

10 

• 

Frigatebird sp. 

\ 1.5 

9 

Sooty/Slender-billed Sh. 

v 1.2 

7 

Storm Petrel 

0.8 

5 

Brown Booby 

0.7 

4 

3ooby sp. 

0.7 

k 

White Tern 

0.7 

4 

Misc. Birds 

0.7 

4 

Shearwater sp. 

0.5 

3 

Red-tailed Tropicbird 

0.5 

3 

Dark-rumped Petrel 

0.3 

2 

Small Pterodroma 

0.3 

2 

Pterodroma sp. 

0.3 

2 

Newell Shearwater 

0.2 

1 

Mottled Petrel 

0.2 

1 

Tropicbird sp. 

0.2 

1 

Phalarope sp. 

0.2 

1 


100 

593 


A diverse but low-density area in the relatively nonproductive north 
Pacific central waters. Black-footed Albatross, White-tailed Tropicbird, 
Dark-rumped Petrel, and Jaegers are the most unique elements oi the sec¬ 
tion. The effect of breeding birds from the Hawaiian Islands is noticeable 
but not overly strong -- Common Noddy, Sooty Tern, Red-footed Boooy, 
Wedge-tailed Shearwater (light phase), and White-tailed Tropicbird. As 
mentioned in the offshore account for Oahu, the waters south oi the island 
are sometimes low-density areas. Wedge-tails and Sooty Terns are sporacic 
over most of this expanse, both becoming commoner close to Oahu, particularly 
when populations are breeding there (as was noted in late April). 

















12° N. 


12 January; 2 6 February; 13 March; 27 April 


$■ Miles = 423 

$ Days = 4 

// Species = 11 

Linear 

Density = 1.4 

Species 

Sooty Tern 

Pterodroma ext erna 

, ___ ——— 

Bird sp. 

Misc. Shearwater/Petrel 
Wedge-tailed Shearwater 
Red-footed ^Booby 
Pterodroma sp. 

Bulwer Petrel 
Blue-faced Booby 
White-tailed Tropicbird 
Red-tailed Tropicbird 
Newell Shearwater 
Small Pterodroma 
Booby sp. . 

Storm Petrel 
Shearwater sp. 


Percent Number 


56.1 

329 

9.6 

56 

8.5 

50 

6.7 

39 

3.6 

21 

3.4 

20 

3.2 

... 49 

1.7 

- 10 

1.7 

10 

1.4 

8 

1.0 

6 

0.9 

5 

0.7 

4 

0.7 

4 

0.7 

4 

0.2 

1 


100 586 


A consistent area of increased bird activity characterized by: 
l) Sporadic flocks of Sooty Terns; 2) Flocks of Pterodroma externa and 
other Shearwaters and Petrels; 3) Low relative numbers of Wedge-tailed 
Shearwaters; 4) Red-footed and Blue-faced Boobies (December to March); 

5) White-tailed Tropicbird. All the characteristic bird elements con¬ 
sistently show a decrease in density immediately to the north and south. 

The area is not broad and could be completely traversed over night (as 
probably occurred in February and possibly in April). On the 12th oi 
March, en route to Kingman Reef, the birds showed a slight indication of 
increase in the late afternoon. The next morning, before 0900, 97 percent 
of the day's total of 122 Shearwaters and Petrels, and y4 percent 01 uhe 
day's total birds were logged. This peak was abruptly followed by a re¬ 
turn to very low density for the remainder of the day (see Graph fr3)« 

Taking sunset of 12 March as marking the approximate north edge of the 12° 
zone, and noon of the 13th as its south edge, the '12 N. area during 
mid-March at l60° W. is about 120 miles wide between 13°40' and llVO' N.^. 

In January, near l66° W., the zone again appeared to be centered 6 >j 0 u. N. 
SIC data suggest that in April the zone lay farther south between 9°30' N. 
and H°30'N. and that it may have been somewhat broader. (See BT discussion.; 

12° N. to 5° N. 13 January; 25 February; 26 April; 14 March 


# Miles of obs. = 397 

# Days of obs. = 4 

# Species • = 17 

Linear density «= .458 
















bj 


No. less 


Species 

Percent 

Number 

l^f March 

Soouy Tern 

36.3 

66 

11 

Pterodroma externa 

18.1 

33 

23 

Wedge-tailed Shearwater 

7.1 

13 

8 

Bulwer Petrel 

4.9 

9 

8 

Misc. Shearwater/Petrel 

4.9 

9 

7 

Sooty/Slender-billed Shearwater 

b.9 

9 

5 

Pterodroma sp. 

b.k 

8 

8 

Storm Petrel 

3.3 

6 

b 

Blue-faced Booby 

3.3 

6 

3 

Small Pterodroma 

■ 2.2 

b 

4 

Jaegers 

2.2 

b 

4 

Pea-tailed Tropicbird 

1.6 

r 1 

3 

3 

Phoenix/Tahiti Petrel 

1 • 1 

2 

0 

Ped-footed Booby 

1.1 

2 

2 

Misc. Birds 

1.1 

2 

2 

Newell Shearwater •. 

0.5 

1 


Audubon Shearwater 

0.5 

1 

Ju 

Shearwater sp. 

0.5 

1 

1 

White-tailed Tropicbird 

0.5 

1 

1 

Brown Booby 

0.5 

1 

1 

Skua 

0.5 

1 

1 


100 

182 

98 


In this section lies the separation between "north" and "south." It 
is regularly a barren region. The number of species is high for the 
relatively few birds present, but seven species were recorded only once 
or twice. The three days in January, February, and April were on the 
Honolulu-to-Howland course, while the March day was along the approach to 
the Kingman-Palmyra area from 200-100 miles to the north. The afternoon 
of that day was affected by numbers of what were very probably Palmyra- 
based Sooty Terns. The totals for the three days on the Honolulu-to- 
Howland track (over 400 miles from land) are more nearly representative 
of this desert region: linear density of ,319> very few Sooty Terns (11$) 
and Wedge-tails (8$); preponderance of Pterodroma and miscellaneous 
Shearwaters and Petrels (58$) and a sprinkling of accidental birds rep¬ 
resenting both northern and southern avifaunas. 


5° N. \ l4 January; 2b February; 23-25 April 


# Miles of obs. - 

9ol (diurnal) 

IIP (nocturnal, on 14-15 January) 


# Ship days = 

9 



# Species = 

21 



Linear density = 

2.1 

Diurnal 

Nocturnal 

Species 


Percent Number 

Number 

Wedge-tailed Shearwater 


44. 7 ) o£ - 907 

41.8) 56,5 849 

10 

Sooty Tern 


4o 

Sooty/Slender-billed Shearwater 

2.3 48 



i 

























48 


Diurnal 


Nocturnal 


Soecies 


Pterodroma externa 


Bulwer Petrel 
Storm Petrel 
Pterodroma sp. 

Small Pterodroma 
Blue -faced Booby 
Phoenix/Tahiti Petrel 
Red-footed Booby 
Mi sc. Jaeger/petrel 
Audubon She abater 
Newell Shearwater 
Red-tailed Tropicbird 
"White Tern 
Mottled Petrel 
Prigatebird sp. •• 

White-tailed Tropicbird 
Jaeger sp. 

Misc. Birds 


Percent 

Number 

Number 

1.9 

38 


1.5 

31 


1.3 

26 

7 

1.1 

23 


1.0 

20 

6 

f, 0.8 

17 


o,6 

12 


o.5 

11 

4 

o.5 

10 

0.3 

7 

1 

0.3 

6 


o.3 

6 


0.2 

5 


0.1 

3 


0.1 

3 


0.1 

''2 


0.1 

2 


0.2 

4 

10 

100 

2030 

78 


Lin. Bens. = .7 


This area" is sometimes referred to as "the countercurrent, ^ ^the^ 
south equatorial-count erequatoriar convergence, or simply 5 11 • 

most prominent feature of the section is the presence of large feeding 
flocks of Sooty Terns, dark-phase Wedge-tailed Shearwaters, and^ Pteroarom a. 
These flocks are sometimes very large, containing 1500 to 2000 oiras. 

While the bulk of the birds occur in a relatively small number o^ xlouk 
si^htino-s, there are also numerous individual sightings oi .pte neuroma 
externa and other Shearwaters and Petrels. Phoenix Petrel is the species 
that stands out in my mind as being most characteristic of the section. 

In January the northern edge was noted at about 6°30' R.; the southern ^ ^ 
ejere at about 4°00' N. Most of the area was crossed at night so tnere 
no°good diurnal information for January. However, nocturnal observations^ 
were fairly informative, showing the expected abundance oi Sooty Terns an^ 
Wedge-tailed shearwaters and suggesting that the small Pueroujr ^ 
(leucootera ?) were more abundant in January than in the following morons. 
The February data show only a weak activity peak. Special attention was 
given to the area in April when the support ships doubled bacu m an at¬ 
tempt to fill in nocturnal portions with diurnal observations. Tnrec 
vessels were run^simultaneously and seven ship-days of observations were 
'made between 23 and 25 April. BT casts were increased from 4-hour^y to 
2-hourly intervals during part of that time. 


5° N. to 2° N. 


15 January; 23 February 


# Miles of obs. 

# Bays of obs. 

# Species 
Linear density 


144 

2 

10 

1.826 
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Species 


Percent Number 


Sooty Tern 
Shearwater/Petrel 
Wedge-tailed Shearwater 
Pterodroma externa 
Storm Petrel 
White Tern 
Blue-faced Booby 
Rea-footed Booby 
Christmas Shearwater 
Audubon Shearwater 
Small Pterodroma 
Pterodroma sp. 



This section is narrow, usually crossed easily in a day 

v t n /*>( *•! f O O *1 


rn 


he southern 


limit is (artificially) the north side of the Grid area n.), ° ne natural 
limit at this longitude (176° W.) is determined by -the spread of Howland 
birds mostly Sooty Terns. It varies roughly between 1° N. and 3 
day’ s’observations northbound through the area and centered on the miadle 
of the section may Include elements typical to the southern Gr^d during, 
the morning, and ”5° N." fauna in the late afternoon. Generally there is 
a 50-100-mile strip separating Grid and 5 N. whi.cn activity is very 

low. 














TABLE 12. Summary of North Pelagic Sections: 


Numbers and Linear Densities 


Total N of "12°" 

Lin. Lin. 



No. 

Dens. 

No. 

Dens. 

Black-footed Albatross 

10 

.003 

10 

.010 

Sooty/Slender Shearwater 

64 

.022 

7 

.007 

Wedge-tailed Shearwater 

1029 

.352 

79 

.079 

Christmas Shearwater 

1 

.0003 


.001 

Newell Shearwater 

13 

.oo4 

1 

\ 

Audubon Shearwater 

9 

.003 

1 


Phoenix/Tahiti Petrel 

12 

.oo4 


.001 

Mottled Petrel 

4 

.001 

1 

Dark-rumped Petrel 

2 

.0007 

2 

.002 

Pterodroma externa 

145 

.050 

13 

.013 

Bulver Petrel 

65 

.022 

15 

.015 

Storm Petrel 

44 

.015 

5 

.005 

White-tailed Tropicbird 

43 

.015 

32 

.032 

Red-tailed Tropicbird 

18 

.006 

3 

.003 

Blue-faced Booby 

55 

.019 

20 

.020 

Brown Booby 

5 

.002 

k 

.004 

Red-footed Booby 

57 

.020 

22 

.022 

Frigatebird 

12 

.00)+ 

9 

.009 

Skua/Jaeger 

43 

.015 

36 

.036 

Sooty Tern 

1748 

.598 

290 

.291 

Common Noddy 

13 

.004 

13 

.013 

White Tern 

12 

.004 

4 

.004 

Albatross 

10 

.003 

10 

.010 

Shearwater 

1122 

.384 

90 

.090 

Pterodroma 

249 

.085 

20 

.020 

Total Shearvater/Petrel 

1525 

.522 

135 

.135 

Storm Petrel 

44 

.015 

5 

.005 

Tropicbird 

62 

.021 

36 

.036 

Booby 

126 

.043 

50 

.050 

Frigate 

12 

.004 

9 

.009 

Tern 

1773 

.607 

307 

.308 

Mice. 

102 

.035 

4i 

.o4i 

// Miles 

2923 


998 

Total 

3654 

I.250 

593 

.594 


"12°" 

12° 

fil 


0 n 

S of 5° 

No. 

Lin. 

Dens. 

No. 

Lin. 

Dens. 

No. ' 

Lin. 
Dens. 

No. 

Lin. 
Dens. 



9 

.022 

CO 

0 

• 

.050 



21 

.049 

13 

.032 

907 

.943 

9 

.062 







1 

.007 

5 

.012 

l 

.003 

6 

.006 




* 

l 

.003 

7 

.007 

1 

.007 



2 

.005 

12 

.012 







3 

.003 



56 

.132 

33 

.083 

38 

.o4o 

5 

.035 

10 

.024 

9 

.022 

31 

.032 



4 

.009 

6 

.015 

26 

.027 

3 

.021 

8 

.019 

1 

.003 

2 

.002 



6 

.oi4 

3 

.008 

6 

.006 



10 

.024 

6 

.015 

17 

.018 

2 

.014 

r 


1 

.003 





20 

.047 

2 

.005 

11 

.011 

2 

.oi4 





3 

.003 





5 

.013 

2 

.002 



329 

777 

66 

.166 

849 

.883 

214 

1.486 




« 

5 

.005 

3 

.021 

27 

.064 

25 

.063 

969 

1.008 

11 

.076 

79 

.187 

47 

.118 

96 

.100 

7 

.049 

155 

.366 

90 

.227 

1106 

1.151 

39 

.271 

4 

.009 

6 

.015 

26 

.027 

3 

.020 

l4 

.033 

4 

.010 

8 

.008 



34 

.080 

9 

.023 

29 

.030 

4 

.028 





3 

.003 



329 

.777 

66 

• l66 

85^ 

.889 

217 

1.507 

50 

.118 

7 

.018 

4 

.0C>!+ 



423 

397 

961 

144 

586 

1.385 

182 

CO 

• 

2030 

2.112 

263 

1.826 
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TATVTE 1R. Sumarv of North Pelagic Sections 

Subjective Interpretation of Linear Density Data 

»5"n" 

X 

S of "5°N" 

Species 

N of "12°N" 

"12°N" 

12°-5° 

Black-footed Albatross 

Present 

Absent 

Absent 

Absent 

Absent 

f 

Sooty/Slender Shear. 

(April) 

Absent 

(April) 

April 



Few 

Absent 

Several 

Several 

Absent 

Wedge-tailed Shearwater 

Moderate 

Low 

Low 

High 

Moderate 

Christmas Shearwater 

Not seen 

Not seen 

Not seen 

Not seen 

1 collected 

Newell Shearwater 

Occurs 

Regular 

Occurs 

Regular 

Absent 1 

Audubon Shearwater 

Not seen 

Absent 

Very few 

Several 

Very few 

Phoenix/Tahiti Petrel 

Absent 

Absent 

Rare 

Regular 

Rare 

Mottled Petrel 

Not seen 

Not seen 

(April) 

(April) 

(April) 




Seen 

Seen 

Seen 

Dark-rumped Petrel 

Rare- 






Regular 

Not seen 

Absent ? 

Absent ? 

Absent 

Pterodroma externa 

Low 

High 

Medium 

Hi-Medium 

Medium 

Bulwer Petrel 

Medium 

Medium 

Medium 

Medium-Hi 

Very low 

Storm Petrel (Leach) 

Very low 

Low 

Medium 

High 

Medium 

White-tailed Tropicbira 

‘ High 

Medium 

Low 

Very low 

Absent 

Red-tailed Tropicbird 

# 

Occurs 

Occurs 

Occurs 

Occurs 

Not recorded 

Blue-faced Booby 

Low 

Low 

Low 

Low 

Low 

Brown Booby 

Very low 

Absent 

1 Record 

Absent 

Absent 

Rea-faced Booby 

Medium 

Medium-Hi 

Very low 

Low 

Low 

Frigatebird 

Present 

Absent 

Absent 

Present 

Not recorded 

Skua/Jaeger 

Common 

Not seen 

Uncommon 

Uncommon 

Not seen 

Sooty Tern 

Moderate 

High 

Very low 

High 

Moderate 

Common Noddy 

Occurs 

/ 

Absent 

Absent 

Absent 

Absent 

White Tern 

Present 

Absent 

Absent 

Present 

Present 


No attempt has been made to define the above terms. Reading across, 
they- indicate occurrences relative to overall distrioution oi the 
species in the north pelagic region. 



* 


/ 

i 


/ 














TABLE l4. Summary of North Pelagic Sections Relative Linear Densities 


N of "12°N" M 12 0 N" 12 _"5°N 


GrOUU 


Albatross 

Shearwater 

Pterodroma 

' ♦ 

Total Shear/Pet. 
Storm Petrel 
Tropicbird 

3ooby 

Frigate 

Tern 

All birds 


0,, rr°T\r n ' T cT ° i\T * 1 


S o 


-O ,, c'°t v t ,t 



1 

1 

1 

1 

1 

10 

4 

7 

2 


0 

1 

17 


3 


1 

9 

7 

0 

7 


0 

1 

10 

2 

2 

1 

1 

0 


0 

10 

9 

11 

4 

1 

2 

1 

8 


o 

l 


2 


■3 


0 

1 

0 

l4 


10 


1 


17 


14 


Note; The values -"V"- in each line are determined by: 


V = (Lin. Dens, x A) - 3 

Where A and B are arbitrary numbers chosen such that V is 
a small positive integer and the V for the section with 
the lowest linear density is 1. 


Each bird group is mostly found in the section or sections 
with the larger or largest relative number(s). Plotting 
the values in Table l4 gives a similar graph to that obtained 
by plotting the corresponding linear densities, except there 
is no base line and no fixed scale on the abscissa. 


B; 


.uhythermo graph Data 


(Numbers in parentheses refer to numbered grapns. 
Letters refer to specific features oi the grapn). 


While 3T casts were routinely taken over almost all the area ox oo-^ 
servation in the north pelagic section, only selected portions of the data 
are presently available for discussion. 

Tbe major measurable features oi a bi orace are. 

1) Surface temperature (not often directly used)• 

2) Temperature at any depth. 

3) The depth of any given temperature. 

4) Depth of isothermal mixing. 

5) Depth of greatest rate of change of temperature Vi.m 
depth-thermocline. 
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Any one of the above may show the desired, correlation with bird data 
but» the selection of which, or which combinations, will produce the i..o-^ 
interpretable correlation appears to be variable. Dr. Robert Pyle found 
in the analysis of November 190o data (biC—Ibj, thao one 150—meter oc...— 
oerature showed the best correlation with bird numoers and uiiuo surface 
temperatures alone did not. (l) March data (3)? however, showed poor 
corelation with 150-meter temperature but good correlation with 100- 
meter temperature (3A) and fair correlation with surface temperature 
(3B). The March data also showed good correlation with depth of the 
mixed layer (3C). April correlations with surface and 100-meter tempera¬ 
tures were good (4), and 150-meter temperatures were interpretable but 
not as nice as the November structure. In January, an excellent measure 
of at least the 5° N. area Vas the first derivative (slope) of the 
thermocline depth curve (2A). January surface temperatures easily 
located the 12° N. area (2B), and although the surface temperatures are 
not at hand for all of the 5° N. region (2C) they also probably showed 
good correlation. 

A consistently good correlation exists between' sun-ace temperature 
and the avifaunal zones at 5° N. and 12° N. The January surface tem¬ 
perature shows a rise and fall of almost 2° C. between 11° N. and 13° N. 
(23). The March picture (3B) for the same latitude is similar but 
slightly broader, ca. 11° N. to l4° N. April (4 b) finds the typical tem¬ 
perature rise and fall present but the range is slightly less than 1° C. 
and is generally warmer than either the January or March temperatures. 

The width of the zone is smaller and displaced southward 10° N.-ll° N. 

The features of the three sets of data are plotted together for compari¬ 
son (see 5A). Note the tendencies toward l) Increasing temperature; 

2) "Flattening" of the temperature range; 3) Equator-ward shifting in 
location. The specific oceanographic processes involved in this are not 
known to me but a logical assumption is to presume that these changes are 
results of differential heating of the current generating waters involved, 
and, likely, the trends noted are seasonal. 

Good thermal data for the 5° N. region is at hand only lor the April 
section, but special attention was given to the region at that time. Con¬ 
current observations from the three survey vessels, more Irequer.t 3T 
casts, and backtracking to fill in nocturnal gaps in observation were 
carried out for all or part of three days in the area of bird concentra¬ 
tion. The nominal data for 22-28 April are plotted in Graph 4. Since 
both surface-and deep-water data have proven to be useful for correlating 
vith bird abundance two types of BT iniormation are plowed. j.i.e s*^r^ace 
section includes the sea surface temperature and the 100-meter temperature. 
The 100-meter temperature was chosen because l) it had had a good cor¬ 
relation in the 12° N. region, and 2) for the most part 100 meters lies in 
the isothermal layer or at least above the thermociine. At any ra^e, uhese 
two measurements move in the same directions and appear to be measuring 
an associated phenomenon. Because two heads are better than one (ii Dotn 
think alike) the two curves are added together, graphically, giving the 
composite curve in Figure 6. And in a like manner the deep-water data 
were graphically added together. 


/ 
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Diurnal bird observations were divided to correspond directly and 
simultaneously with the BT drop and position. Abundance and occurrence 
are expressed in units/hour. The nominal data plotted in Graph 4 is 
species/hour and sightings/hour. I maintain that these two statistics 
are zhe most accessible and general measurements that apply to nonrandom 
bird abundance in a spatial reference system. Thus in the same manner as 
the BT data the two statistics were fit to a proportionally equal scale 
and graphically added -- giving the curve in Graph 6. It is of interest 
to note that while neither sightings/hour nor birds/hour alone plot out to 
a smooth curve, artificial summation of the two gives a remarkably smooth¬ 
looking curve. I take this as an indication that the birds-plus-sighting/ 
hour manipulation is a more valid presentation of abundance data than 
either single parameter. 

In Graph 6 the bird concentration appears to be associated with a 
flat plateau-like section of the deep-water curve. This is perhaps best 
interpreted as being a set of two parallel "ribbons" of rapidly moving 
current at points .C^ and C 2 • The section between these ribbons is evi¬ 
dently a relatively non-motile water mass with a fairly high degree of 
turbulence and eddying effects. 

A consistent but puzzling thermal pattern is found in both the 12° N. 
and the 5 ° N. surface temperature structure. Although the surface tem¬ 
perature shows increase in the entire breadth of the zone the plot is 
not a smooth or normal curve but is slightly saddle-shaped, with the 
highest temperatures at the north and south edges, and a shallow less 
warm valley in between. This is easily noted for the March 12° data 
(33) and less easily seen for both areas in the April Data (4 A & 3, 

7 A & B, 6 A & B). The effect is fairly small but I think it is real and 
relevant. A surface temperature recording thermograph keeping running 
temperatures would quickly disclose its bearing on bird distribution. 

BT casts taken during the operations in the center of the 5 ° zone 
were in some cases only several to a score of miles apart latitudinally 
( 4 c). The ragged look of this section of the graph was at first thought 
to be a random sort of thing that would appear whenever casts were made 
this close together. However, in one section that was covered three times 
in the course of one day the variations were found to be reproducible and 
in fact the horizontal north to south rate of change was very large — 
easily measurable changes occurring inside of 10-15 miles. This may in¬ 
dicate a' degree of turbulence resulting from current velocity. I hope 
some light will be shed on these problems by someone with experience in 
interpretation of BT data. 

During April it appears that the 12° N. activity area was crossed at 
night (6 d). Based on March observations, a bird density peak about half 
of zhe recorded April "6° N." peak could have been expected over this 
section. 

Certain pertinent species have been plotted against the April thermal 
data, and several additional manipulations of the April data have beer, 
graphed. The bird distribution plots will be discussed in the species sec¬ 
tion but the graphs, Nos. 8, 9> and 10 are adjoined here with the BT and 
general bird information for the sake of easy comparison. 
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SPECIES ACCOUNTS 


Except where noted, discussions apply to the survey 
area, and time periods covered during the combined 
SIC 17 and 18. "Birds," "bird," and general pronouns 
refer to the species under discussion unless other¬ 
wise noted. 


Black-footed Albatross No. Obs. = 10 plus 

Dionedea nigripes 

Birds were present in regular numbers following the ship on each 
arrival and departure from Oahu (4). Most of these observations were not' 
logged. Ten to 15 birds might be expected to be found following a vessel 
while in sight of Oahu (within up to 60 miles). At about 300 to 400 
miles southwest of Oahu, birds generally disappear. 

•. 

Laysan Albatross No. Obs. = 1 (offshore) 

Diomedea immutabilis ' 

One bird was recorded within sight of Oahu on 10 March. 

Pale»footed Shearwater No, Obs, = I 

Puffinus carneipes 

- , r - 1 — Hi ■ ■ — —■^,11 

One bird was observed heading north in the 5 ° N. region on 24 April. 
The tendency for this species to appear during the dawn or evening hours 
has been noted previously. Whether or not this holds up statistically, 

I think this species is consistently overlooked, due to its dark, hard- 
to-observe color and a probable daytime ship-shyness that other members of 
the genus show. 

Wedge-tailed Shearwater No. Obs. = 2766 

Puffinus pacificus 

Contributing one-fifth of the total birds, wedgetails were recorded 
in all 15 pelagic and interisland sections (honor shared also by Sooty 
Tern, Red-footed Booby, and Leach Storm Petrel). The highest density 
region was the 5 ° N. area, where birds were recorded at a rate of slightly 
less than one per mile. All the birds in this area were dark phase. The 
most probable land origin of the birds in the 5 ° belt is Christmas Island, 
but I suspect birds are also present which originate from outside the 
study area to the south. The relatively few birds from Phoenix Island 
probably contribute only a small part to this pelagic concentration. 

Two other areas, in the south, had very high concentrations. Large 
loosely spread flocks and many scattered individuals were seen concen¬ 
trated midway between Starbuck and Samoa in early April These may rep¬ 
resent breeding birds from the Tuamotu's or other islands to the southeast 
or possibly Christmas Island birds. It was not determined whether or not. 
these birds were correlated with an oceanographic feature. 


/ 

/ 
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To the west of the desert separating the Phoenix-Samoa fauna from 
the Fiji fauna (see south pelagic discussion) wedge-tails became very 
abundant, easily the dominant species. The peak abundance was around the 
Isles Horne, an area rich in reefs. Numbers declined toward the main 
Fiji Islands. The land origin of such a large concentration is not at 
all clear. 

North of the 5° N. area birds are few until the light-phase popula¬ 
tion increases at 15° to 20° N. (See also Graphs 10 and $k). Except for 
around Christmas Island, the Line Island waters produced only scattered 
individuals. 

New Zealand Shearwater # Recorded = 1 

Puffinus bulleri 


The single positive sighting was made on 7 April, northeast of Samoa 
where wedge-tails were found abundantly. Another tentative identification 
was made between Jarvis and Malden. As will be noted in the case of sooty/ 
slender-bills, I suspect there is a tendency for some of the migrant shear¬ 
water species of the Pacific southwest to pass through the P03SP study 
area in the sections between Samoa and the southern Line Islands. 

• 

Sooty Shearwater # Obs. = 108 

Puffinus griseug 

Slender-billed Shearwater # Obs. = 6 

Puffinus tenuirostris 

% 

Sooty or Slender-billed Shearwater # Obs. = 130 

Total 244 


(10$ of S.I.C. 18 Shearwater/Petrels) 


No sooties or slender-bills were seen during SIC 17 (January- 
February). Birds (5) first appeared on l4 March just north of Kingmau- 
Palmyra. No birds were recorded from Palmyra to Christmas but on 25 
March, south of Christmas a high density of about 0.5 birds per linear 
mile was recorded. Numbers remained regular and fairly high throughout 
the southeast sections (Lines to Samoa) with the linear density a sub¬ 
stantial 0.1 birds per linear mile. Three-fourths of the total sightings 
were made over this track (Christmas to Samoa). No birds were recorded 
between Samoa and the Grid area, and numbers in the north pelagic areas 
were fairly low. More than 80 percent of the 59 birds in the north 
pelagic region were recorded in the 5° N. section. The remainder were 
scattered sightings to the north. 


Much of the confusion regarding these two forms is a result of a 
general reluctance to trust the field identification characteristics 
separating the two species, and consequently lumping the two and treating 
them as one group. For the most part the situation is no more difficult 
than the parallel problem between Sooty and Gray-backed Terns. Tnau is, 
gray-backs doubtless go unrecorded in some Sooty Tern flocks because the 
low occurrence of gray-backs makes it useless to record sooty/gray-Dacks 















when scanning tern flocks. Sooty and Slender-billed Shearwaters are 
similar except that the dominant species alternate seasonally. The alter 
nation is for practical purposes complete. The large numbers of fall 
slender-bills dwarf the small numbers of sooties and in the spring the 
virtual absence of slender-bills leaves moderate sooty numbers. The 
dramatic change is however mostly due to the slender-bills as sooties are 
present in both seasons. While six slender-bills were recorded I raise a 
Question on their validity as all the records were made by one observer 
and based (evidently) only on the criterion of underwing color which is 
r.ou sufficient in my mind. 


Sooty Shearwater, I feel, is with 95 percent confidence, the species 
under discussion in the present data. Despite the possibility that the 
bulk of the northward migration passes through the area before late April, 
the data show a definite concentration of birds in the southeast section. 
In view of the fall i 960 data which show a similar sooty concentration 
(lower numbers) in the same area I hypothesize a vague northeast-southwest 
route from the Australian breeding grounds to the northern nonbreeding 
areas. It appears feasible that sooties use an "island hopping" route 
similar to that hypothesized for slender-bills, and that southwest Pacific 
populations stream northeast in the spring to join the South American pop¬ 
ulations moving north off the American coast. The return route may be 
similar or possibly a more circuitous, oriental pattern may be taken. 


Christmas (Csland) Shearwater # Obs. = 8 

Poffinus nativitatis ' 

This bird is mysteriously "absent" almost everywhere. The dark color 
and low-flying habits make this probably the most regularly overlooked 
species in the central Pacific. 


The eight records consist of l) A bird collected from the skiff 
(5° N.); 2) Two birds in a flock off Christmas Island; 3) Five birds ob¬ 
served from a small vessel on 5 April. Aside from the two birds seen 
some 15 miles from the species' main breeding colony, there are no other 
observations from the large vessels. Evidently the size of the ship is a 
critical factor for this species. Probably the observer eye-height and 
a "ship-shyness" are the factors involved. 


Probably birds disperse from Christmas Island and follow the 5° N. 
countercurrent east and west. (See also the report on Eastern Area Cruise 

13.) 

Newell Shearwater # Obs. = 13 

Puffinus puffinus 


Ail birds were seen in the north pelagic region. Six birds were 
spread out in the 5° N. section and five birds were seen on March 13 in the 
12° N. section north of Palmyra. The trend for birds to be found to the 
east of the usual Oahu to Howland track may be significant. ^ suspect it 
reflects a sizable breeding population on the eastern Hawaiian Main Island 
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Audubon Shearwater // Obs. - 15 

Puffinus I'herminieri 


Half the records are from 5° N. Birds thought to be this or, less 
probably, Little Shearwater, were observed around the Samoa section. A 
couple of birds were also recorded from the Phoenix and Fiji sections. 


Again, another Puffinus which appears to be ship-shy. Sven close to 
known breeding islands this bird may go -unrecorded, especially during 

daytime. 


Tahiti Petrel # Obs. =2 

Pcerodroma rostrata 
Phoenix (island) Petre1 
Pterodroma alba 

Phoenix/Tahiti Petrel fr Obs. *_32_ 

Total 34 

to 

Identification problems cloud the picture of these two species. The 
only notable pelagic concentration was in the 5° L T . area where I suspecu 
90 percent of the birds are Phoenix' Petrels and, unquestionably, virtually 
all come from Christmas Island. The Phoenix Island contribution is at best 
vanishingly small. Scattered Phoenix (?) Petrels were seen among the Line 
Islands and variously elsewhere. Either species seems likely to turn up 
in low numbers throughout most of the area. 


Tahiti Petrel, a problem bird, was found significantly in two areas. 
Among the Fiji Islands a number of "shear-pets" were chased by the skiff. 


were Tahitis 


O 

C4- 


of the 


"shear-pets" 


I am sure that most if not all of the 6-8 birds chased 
though none were collected or observed closely. None 
were recorded from the deck of the large vessel. 1 think Tahiti Petrel 
is far more ship-shy than the Phoenix Petrel, and much of the identifica¬ 
tion problem has stemmed from this. 




Observations from the little vessel around Samoa in April again pro 
duced "spooky shear-pets" "possible Tahiti Petrel", etc. Substantiating 
phe feeling that these birds were in fact Tahitis was a good island ob- 
servation on Tutuila, ^On the night of 10 April at tne Samoa Airier^ a 
native boy was carrying around a live Tahiti Petrel that he had just iomc 
on the lawn near the air terminal. The bird, very healthy, was examined 
by POBSP personnel but the lad could not be persuaded to part with the 
would-be specimen. 


In the hand a Tahiti is larger and browner than Phoenix Petrel with a 
noticeably larger head and a massive bill that is easily two^ times tne 
bulk of a Phoenix. Also noted was the more pronouncedly dark undersic.es, 
due chiefly to the dorsal color extending far down on the sides. 

In flight the flapping is labored and slow but the strokes are lorce- 
and the wings are kept bowed somewhat more than Pnoenix. TaniMi aivs 
less than Phoenix but since Phoenixs’ arc little anyway the character 
marginal. The massive head might be a good character except for the icct 
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that the bird is typically encountered flying away from the observer. The 
more extensive brown on the sides may be a good feature to look for. In 
light winds Tahiti Petrel hugs close to the water surface. 

Mottled Petrel # Obs. =7 

Pterodroma inexuectata 

The first mottled was seen on 28 March between Jarvis and Malden. 
Others were seen between Starbuck and Samoa in the Southern Grid, 5° HI, 
and north of the 12° area (29 April). 


Dark-rumped Petrel if Obs. 

Pterodroma phaeopygia 


Both sightings were south of Oahu in March (ll & 12). The same 
eastern tendency noted under Newell Shearwater may occur in this species,. 
The characteristic Pterodroma flight is the best criterion to separate 
birds from the similar Light-phase Wedge-tail, and, indeed, dark-rumps 
are more likely to be passed off as Juan Fernandez .‘Petrels. 


Pterodroma externa externa 

" " cervicalis 

. " " ssp.? 

Unidentified Large Pterodroma 
Total Large Pterodroma 

Pterodroma hypoleuca nigripennls 
" leucoptera 

" cooki 

Unidentified Small Pterodroma 
Total Small Pterodroma 
Unidentified Pterodroma sp. 

Total 


# 

Obs. 

= 60 

# 

Obs. 

» 1 

# 

Obs. 

= 84 

# 

Obs. 

- 2 5 



213 

# 

Obs. 

= 8 

# 

Obs. 

= 3 

# 

Obs. 

= 1 

# 

Obs. 

= 1+2 




# 

Obs. 

= 38 


295 


9 


The category "Large Pterodroma " includes almost only ?. externa and 
is typically employed in the field as an identification reliability 
measure. The white-necked form probably occurs more frequently than tne 
1 in 60 ratio suggested above but probably no greater than 1 in 10 to 1 5* 
Only one P. externa was recorded south of the equator. The peak concentra* 
tion noted in the 12° N. area is probably quite valid. Many birds (3b) 
were recorded from the 5° N..area, but the overall linear density is no^ 
exceedingly high. The April observations alone (see Graph 93) show a peak 
in the 5° N. section and a slight peak again in the 12° N. section. ^The 
overall picture for four months shows a regular increase from the Grid 
(2° N.) to the 12° N. area, including good numbers in the othervise barren 
region between 5° and 12° N. North of the 12° N. area a decrease is qu^^e 
evident. The temporal changes of birds are not altogether clear, in gen¬ 
eral, numbers have dropped somewhat since highs in late fall ana early 
winter of 1966 . My feeling is that there has been a general eastward 

movement. 

Identification problems continue to plague tne small. Pterocroma xorms. 
Very little can be said in general about the complex but I will contribute 
my intuitive feelings to further confuse the situation• 
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Bonin (island) (P. h. hypoleuca ) -- Probably the most easily recog¬ 
nisable of the lot but hardly to be expected in the southern areas. Pre¬ 
vious sight records south of the 5“12° N. desert may be misidentification 
In 10 months (July 66 to April 67 ) I have no record for SIC trips at all. 
Birds from the Leeward Island breeding locations may move off to the south¬ 


o • 


west, west, or north. 


Black-winged Petrel (p. hypoleuca nigrinennis ) — In the area around 
Samoa, and in general around the southern areas. This is probably the 
most regular small Pterodroma . From midsummer (August) to late fall 
(November) many birds are found in the 5° and 12° N. belts, probably peak¬ 
ing in the 12° N. area around September-October. 


t 


t 


Pterodroma leucontera . Much commoner than previously thought. From 
September through January may outnumber black-wings in the northern 
waters. Apparently birds come and go to the west, not passing through the 
southern part of the POBSP study area. Their movement may be more clear- 
cut than theblack-wings, appearing and retreating fairly rapidly. The 
• light forms are commoner than the gray-below forms:. The gray birds 
appear smaller than the light birds. In January white-wings were thought 
to'be the major small Pterodroma in the 5° N. area. This is based in part 
on the good number of nocturnal sightings on lk-15 January. Birds then 
were readily attracted to the ship's lights and followed alongside briefly, 
hovering 50-75 feet above the water, occasionally giving a high-pitched 
call note. Collections in November around 5° Nj l 80 °W.showed this species 
to be the dominant form of small Pterodroma . 

*k. 

Pterodroma cooki . Southwestern Pacific birds appear to move east and 
north then west and south during the annual cycle. Birds might appear in 
any of the perimeter areas, but almost certainly do not cross the central 
Pacific area in numbers. Observations in the east and north corroborate 
this hypothesis. 


Pterodroma longirostris . I have no direct information on this bird which 
supposedly is to be expected in the northwest central Pacific area. Un¬ 
fortunately there have been few collections made in the questionaole area 
and this bird may in fact be regular or even common. Its presence may ex¬ 
plain some of the identification problems that exist. 


Identification of the cookilaria is very difficult. I do not, per¬ 
sonally, rely on the back pattern or trust identifications made by this 
criterion alone. The underwing pattern I think may be of most field use, 
but it has gone neglected partly due to "Field Guide" type -descriptions 
based on study skins of specimens with pressed wings. 

Bulwer Petrel $ Obs. - 18 

Bulweria bulwerii See Graphs 103 & 7C 


Birds were regular in low numbers (2 to 5 per <iay) between Starbuck 
and Samoa in April. No birds were seen southwest of the transition zone 
between Phoenix and Fiji. The distribution north of Christmas Island is 
discussed in the interisland subsection. The April north pelagic da^a is 
of some interest. As can be seen on the plot on Graphs 7C and loB, birds 
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north of 5° N. were recorded relatively regularly, even in the transition 
area. A slight peak was noted in the 5° N. and 12° north areas, but as a 
whole the pattern is more one expected of a migrant population, and in¬ 
deed this is probably the case; birds returning to breeding locations in 
the Kawaiians (Nihoa, etc.). 


Bulwer is another species, like Christmas and Audubon Shearwaters, 
is difficult to observe from large vessels. That such regular num- 
were noted in April (58 birds in 11 ship days) reflects a very sig¬ 
nificant abundance of this species. 


than 

hers 


Leach Storm Petrel 
Oceanoaroma leucorhoa 


ir Ob s„ - 145 
See Graphs 10E 


This ubiquitous species is recorded in the field as "WRSP" = White- 
rumped Storm Petrel, which allows for the possible occurrence of other 
similar species. The other two White-rumped species known to occur in 
the area, Wilson and Harcourt, are only encountered rarely; and both are 
•identifiable in the field by a trained observer. A -more subtle possibility, 
0. tethys , may occur and is much more likely to be overlooked than either 
Harcourt or Wilson. "Leach" Storm Petrels following a ship in the central 
Pacific might conceivably be 0. tethys stragglers from the Galapagos. To 
my knowledge no 0. tethys have been collected in the central area, but it 
would not surprise me to find one mislabled as 0. leucorhoa . Since oc¬ 
casional dark-rumped forms of Leach which breed off the north Central 
Americas do occur, it seems no less likely to expect occasional wanderers 
from the Galapagos to range to the area also. 


With at least 95 percent certainty, however, "WBSP's" in the present 
data are al1 Leach's. Birds were recorded from all 15 pelagic ana inter¬ 
island sections with remarkable uniformity. Of the central Pacific birds 
only Wedge-tailed Shearwater shows a comparable degree of randomness. 


Linear Density _ No. Sections _ General Areas 
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Southern Lines; SE pelagic 
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1 
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= .025 
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The overall density distribution pattern centers about the equator 
on the eastern edge of the surveyed area, decreases rapidly to the noruh 
and south and decreases slowly to the west. No birds were recorued south 
of 15° S. (Fiji area). North of 15° to 18° N., only a very few Storm 
Petrels are seen and very likely many of these are Harcourt's from 
Hawaiian breeding areas. Just how far birds continue to the west in the 
low latitudes is not known. 
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"White -throated Storm Petrel # Obs. - 9 

Ttosnfrefietta albigularis 

_ -- 1 ■ 


In spite ox’ the fact that at least four breeding stations were in¬ 
cluded in the itinerary (Christmas I., Phoenix I. (McKean), Samoa, Fiji, 
and possibly Malden) all nine records were made offshore of Phoenix. 

This species probably only rarely goes over a couple hundred miles from 
the breeding island. This evident patrophily no doubt has led to the 
taxonomic questions.raised about the various phases and endemic races, 
and poses a very intriguing problem in population dynamics. 


Wilson Storm Petrel $ Obs. - 1 

Oceanites oceanicus 


One bird was positively identified — "yellow feet" — on 15 
February, south of the Southern Grid. Certainly this species is over¬ 
looked occasionally, but probably just as often it has been eagerly mis- 
identified -- when Leach's "fly funny." An accidental. A ratio of 
1:100 to 200 Leach's is probably close to the truth.. 


White-tailed Tropicbird # Obs. - So 

Phaethon lepturus 

_ ■ ■■ i m m ■ 


In the surveyed area birds appear to radiate from four peripheral 
locations none of which overlay each other to any marked degree. The 
Hawaiian populations present a well defined gradient that declines 
southward to almost nothing before reaching the equator. The large 
Samoan populations during this period were nou radiating out to any great, 
distance. The north to south pelagic distribution of these two elements 
may be a push-pull sort of relationship; breeding oirds in the norm con¬ 
tracting when simultaneously nonoreeding southern birds are expanamg, 
and vice versa. 


In addition to the major north and south radiation points mxe wet. 

Line Islands seem to have a small population and the Fiji Islands a 
fairly large population. The central regions, around the phoenix 
Islands and the Equator, are typically very low density areas. 

Ped-tailed Tropicbird # Obs. - 30 

Phaethon rubricauda 

Outside of the dry southern Line Islands and the Pnoenix group, 
birds are generally rare or absent in the southern waters. While Samca 
and Fiji supposedly support breeders only one sighting (Fiji) was re¬ 
corded for them. In the north, birds are expected in low numbers through¬ 
out the pelagic region. A very slight peak noted in the 12-degree area 
may represent birds from the nearest breeding location JonnSk.Oi.-bo...ci, 
or even the Leeward Island stations. At-sea numbers were low during 
these months which were generally nonbreeding periods. The winter rec¬ 
ords of banded birds collected off the Calixorma coasu agree veil v..u 
the noted decline of numbers on the central breeding grounds. 




■ 
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It seems valid from this evidence and other banding records to as¬ 
sume that nonbreeding adults and subadults regularly disperse tnousands 
of miles from the home island and furthermore it might be conjectured 
that the main direction of dispersion is go one north# me *i.g 
philopatric "homing" tendency already demonstrated by banding records 
makes this species somewhat unique as a navigator. If ohe pOo^mai/ed 
radio-telemetry plans are ever realized, this robust strong flyer might 
prove to be an ideal test subject# 


Blue-faced Booby 
Sula aactylatra 


# Obs. - 288 
(See Graphs IOC, $C) 


The at-sea distribution of birds is a general function ox tnree 
major land breeding areas; l) Hawaiian Leewards and Johnston-Sand; 

2) Dry Line Islands, Jarvis, Malden and Christmas); 3) Pnoenix Islands 
and Howland—Baker# The sulk of the observation^ in this ^urvey (77 
cent) was divided between the waters in the vicinity of the latter two, 
birds being chiefly seen near Jarvis and Phoenix-Enderbury. no oxrao 

recorded west or south ox ohe Phoenix group c*rea. 

The northern pelagic region appears to be an interesting ix^oerplay 
between birds from all three breeding grounds. The overall densities 
for the five problem sections are virtually identical (l to S:^ .020, 

. 024 , .015, .018, .014). Birds in the north half are very probably 
mostly from Sand-Johnston and Hawaii. The southern section has many 
birds undoubtedly from nearby Howland (one Howland banded immature vas^ 
collected in the 5° N. area in April). I suspect also a good number of 
Jarvis birds enter the 5° N. area to the east and move out west alo^g 
the food-rich areas joining Phoenix-Howland birds which come irom the. 
north. I think this route may be partly responsible for the fairly nxgn 
rate of interisland movement between Howland and Jarvis. 

The pelagic densities are high compared to other times in me yeaj: • 
Most of the pelagic observations were of immatures which evidently dis¬ 
perse widely some nine months or so ax oer haucnlix^,. 

An orange-streamered immature was observed just north of Palmyra. 
There is supposedly a small remote breeding area on Palmyra vnich has 
never been worked. I suspect that more Sand-Johnston birds mighL be 
found there. If this were to be the case I would suggest that tne 12 
area serves, as the main road of interisland exchange between the two 




areas. 


# Obs. - 17 


Brown Booby 
Sula leucogaster 

Most of the sightings are of birds near their breeding areas. .Three 
birds in February and one bird in January were found unusually iar mom 
land in the northern part of the north pelagic region. One bird was 
seen in the "desert” region 500+ miles from land. The other sightings 
seem to be connected with the 12° H. zone. As with Blue-faced Booby, 
either Palmyra or Sand-Johnston could be the home landfall oi tnese 
birds, and again the "12° L." linkage is suggested. 















# Obs. - 8X1 
(See Graph. IOC) 




3irds were recorded in all 15 pelagic and interisland sections 
rather widely differing densities 


but 


Linear Density 

-No. Sections 

General Area 

.003 - .014 

5 

Phoenix Islands vicinity; southern 
north pelagic 

.022 - .103 

5 

Northern north pelagic, southern 

Line Islands 

.481 - 1.029 

3 

Fiji; Christmas; (Samoa) 

4.442 - 4.777 

2 

Northern Line Islands 

.131 

15 

• 


The six main density centers are, in approximate order of abundance 
l) Northern Line Islands; 2) Samoa; 3) Fiji; 4) Kawaiians; 5) Phoenix 
Islands; 6) Southern Line Islands. 

The concentration of birds in the 12° N. belt was more pronounced 
than the similar patterns noted from the other two boobies. Roosting 
red-foots are common on Johnston Atoll and breeding red-foots abundant 
on Palmyra. I am not aware if a positive connection has been made, but 
it seems likely that immatures, at least, disperse regularly to Sand- 
Johnston, probably via the 12° N. belt. 


In the Fiji area light-phase birds appear to be as common as dark- 
phase birds. Around Samoa there are more dark than light, but not to 
the virtual exclusion of the light-phase that occurs in the Phoenix and 
Lines. The correlation of phase and size with latitude appears to hold 
on both sides of the Equator 


The same correlation, but with Blue-faced Booby abundance is 
equally as striking. The adaptive advantages gained are probably a 
function of competition but the mechanism is unclear (character dis¬ 
placement?). The blue-faced/red-foot relationship is a good example of 
general adaption vs specific adaption; the red-foot being the more 
generalized in nesting requirements, range, phenotypic plasticity, etc. 

Great Frigatebird # Obs. - 20 

Lesser Frigatebird # Obs. - 30 

Frigatebird sp. Obs. - 72 

• Total - 122 


Frigates are found l) around their breeding islands; 2) in associa¬ 
tion with tern (sooty) flocks. The data indicates no other factors in¬ 
volved in their distribution or movements. The chief ecological '"role" 
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"signalman" 


or "flap;" th 


played by frigates appears to be as a 

' ood sources and serves as a flocking stimulus to the more abundar 

M I « 


La^ rsarks 


s 


npecies, particularly Sooty Terns. 'While frigates "prey" on terns the 
relationship benefits both species and is more justly a social-symbiotism 
rather than*parasitism. It is not then due to chance alone that both the 
soouy tern and frigate centers of abundance are in the Phoenix Islands. 
This topic is also discussed in the Jarvis, March 1967 , report. 


Golden plover $ Obs. -5 

Pluvialis dominiea 

All sightings were in the vicinity of islands from late March 
through April. Mo movement was noued in *j unu^ry or reoruciry. 

Red? Phalarope fa Ods. - 1 (2?) 

Phalaroous fulicarius 

A phalarope, probably this species, circled the ship just south 01 
Oahu on 11 March. Another possible sighting was made on 28 March, south 
of Jarvis. Stragglers, probably from the east, are expectable during 
this, the migration period. 





Skua v Obs. - 1 

Cat'naracta skua 

‘w 

13 January, 9° N., 169 ° W.; accidental. 

pomarine Jaeger $ Obs. - 37 

Stercorarius tomarinus 

Long-tailed Jaeger tt Obs. - 1 

Stercorarius longicaudus 

Jaeger sp. • $ Ods. - ^ 

Total - 42 

Immature and adult Pomarines, light and dark pnase, are very co.i- 
spicuous immediately south of Oahu. Many more than the above 37 were 
seen there but were not officially logged. South of the offshore Oahu 
concentrations five "Jaegers" (longtails??) were recorded between 5 M. 
and 10° K. in late April. There were no sightings south of the Equator. 

Black-naped Tern 
Sterna sumatrana 

Several birds were noted around the reels a^ tne harbor ex J .vi.a*.<.e to 
south Fiji. One bird seen on Swains Island, 13 April, is discussea in 

that report. 

0 • 

Gray-backed Tern $ Obs. - 10 

Sterna lun ata 

Birds were found close to Canton^ Enderbury^ and Phoenix xo *sexe 
not recorded elsewhere. 


♦ / 



















Brown-winged Tern 
Sterna anaethetus 


// Obs. - 16+ 


^ QJ- -y» n v-i 

O 0-1 C*.li 


ge 

JT» 
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terns began to appear when entering the Fiji faunal area 
northeast or tile Isles de Horne. Skiff collections netted this species 
but since Sooty Tern was present also the status retrained uncertain. In 
most respects the bird is like a "Hybrid" sooty/gray-backed. It is not 
strongly pelagic but is found over open water commonly. It forms only 
small flocks. In the Fiji area it is not a dominant tern but neither is 
it restricted or uncommon. The low, hoarse call is often a useful field 
character. 


Sooty Tern : jr Obs. - 6,264 

Sterna fuscata (See Graphs 10D, TD) 

Sooty Terns were recorded in all 15 pelagic and interisland sections, 
accounting for 45 percent of the total birds. The strong flocking ten¬ 
dency and the dependency on colonial breeding make for a wide range of 
area densities: 


Linear Density 

Ho. Sections 

General Area 

.012 - .028 

3 

Fiji, Washington-Fanning 

.166 - .291 

2 

Worth and south of 12° N. area 

.777 - .887 

4 

”12° W.," "5° W.," southern Line Isla 

1.469 - 1.794 

3 

Jarvis, Hull, Howland 

2.551 

1 

phoenix Islands 

16.480 

1 

Palmyra Island 

1.013 

15 



Occurrence around the breeding islands is variable 


Dyne of Occurrence in Surrounding Waters 


Example s 


Almost absent during day; ) 
Large travelling flocks dawn and dusk) 
Ho offshore feeding flocks ) 


(Hull 1967 

(Starbuck 1967 

( Jarvis 1967 (prebreeding) 


Diurnal offshore feeding flocks ) 
Much flock activity out to 20 miles) 



* 1 

(Jarvis i960 August 

(Howland 

(Christmas 


Feeding flocks relatively distant ) 

Henfeeding flock activity offshore high) 
(May overlap with above category) 


(Phoenix 

(Enderbury 

(McKean 

(Howland 


Widespread, high abundance) Palmyra 

Few large feeding flocks ) 
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Breeding birds are strongly land-dependent and a radially decreas- 
density pattern around the breeding island is typical, although in 
many cases the pattern of density is somewhat lop-sided due to local food 
concentrations. Nonbreeding birds are essentially completely land- 
independent and are supposedly distributed according to some set of 
oceanographic parameters. Two of these oceanographic features appear 
~o be the 5° N. and 12° N. areas discussed'previously. Birds in the 
5° N. belt around the surveyed longitude are probably the nonbreeding 
segments of the Howland, Phoenix group, Palmyra and Christmas Island pop¬ 
ulations . Christmas and Palmyra birds may in fact far outnumber the 
Howland-Phoenix birds, but this has not yet been demonstrated. I main- 
main, as mentioned^in previous species such as Phoenix Petrel, Wedge- 
nailed Shearwater, etc., that birds disperse after breeding, going east 
and west along the food-rich belt for long distances. 


The importance of the 5° N. zone on the biology of the southern 
island populations may be great. Preliminary investigation of 3T data 
indicates that the area may show significant cyclical annual change, and 
it may very conceivably be that the stimulus for initiation of breeding 
cycles comes from changes in this belt. This would help explain, for 
instance, the regularity of the Christmas Island cycles; in that the cur¬ 
rent changes which are regulated by temperate zone water masses may be 
the most pronounced and regular "clocks" in an otherwise uniform en- 
vironment. 


A Sooty Tern flock chased closely by a small vessel on 2k April in 
the 5° N. section was noted as being 25 to 50 percent immatures. Both 
Howland and Christmas colonies had recently fledged young. 

I do not believe that actively breeding Howland Island birds forage 
up into the 5° zone. 

Birds in the 12° N. belt are likely from Sand/johnston and the 
Hawaiians, but I doubt that the Palmyra birds contribute much. 

Concentrated collecting in the two zones would undoubtedly yield 
some informative band recoveries. 

Crested Tern # Obs. - 9 + 

Thalasseus bergii 

3iras were frequent in proximity to Viti Leva and irregularly seen 
in the Koro Sea. Outside of the Fiji area no birds were recorded at 
sea nor were any observed in the offshore waters of Christmas Island, a 
breeding station. 

Blue-gray Noddy # Obs. - 52 

Procelsterna cerulea 

Several birds were seen near Washington Island which I take as all 
bun conclusive evidence of breeding. A few birds were seen near Chrisunas 
Island and several were noted in the Phoenix group;' both being breeding 
locations. • j 

I 

/ 
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A pelagic observation of a flock of 32 birds some 200 miles from 
the nearest breeding location is fairly unique for this usually sedentary 


SCOCICS . 


The sighting was southwest of McKean on 15 February. 


^nix in late January were in a ver inactive, breeding status 


Birds on 
and? I 


_~ r 11 1 1~.i . 1 A xii lauc u J Xii ex V iAiuouivoj 

would assume the same was true of McKean birds. Almost certainly the 
flock was from one (both??) of the locations. 


Common Noddy 
Anous stolidus 


# Obs. - 448 


Sixty percent of the observations were from flocks of both noddies 
close to Tutuila. . Fiji and the northern Line Islands accounted for a 
further 25 percent. Low numbers were found in the Phoenix Islands and 
south of Oahu. A lousy (with lice) weak bird landed on the ship near 
the "desert" between Phoenix and Fiji, was banded and released. 

White-capped Noddy $ Obs. - 943 

Anous minutus 

♦ 

The distribution of this species is almost identical to its con¬ 
gener. Relatively more white-caps were found in the Koro Sea-Fiji 
area, where they outnumber commons 10 to 1 . 

White Tern # Obs. - 736 

Gygis alba 

An outstandingly high linear density of 10 o 3 birds per mile was 
encountered south of Washington Island. The birds seen there in 
half a day account for 63 percent of the observations: 


Linear Density Wo. Sections _ General Area 


0 


0 

Central north pelagic 

. 004 - 

• 

.024 

5 

Northern and southern north pelagic; 
Phoenix Island, southern Lines 

rCn 

• [ 

• 

H 

OA 

O 

4 

Samoa and Fiji 

qiL. - 

10.311 

q 

Northern Line Islands 

15 


The distribution of Fairy Terns 
of the Anous noddies, both prefering 
islands« 


roughly approximates the distribution 
the wetter southern and northern 


The sympatric ranges may be related to the type 
mentioned with respect to Sooty Terns and Frigates. 
Terns may serve as a flocking marker for the noddies. 


of social interaction 
That is, the Fairy 
Field personnel 


who have looked hard at noddy flocks can see 


the advantage 


of having a 


white flag hovering over noddy food, but what, if any, reciprocal an 
vantage does the Fairy Tern gain? 
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Miles travelled from sunset to 2400 hours = 






TIME OF FIX 

TYPE OF FIX 

LATITUDE 

LONGITUDE 

1. 


Ad 

/.? 

/ L £ • / 7 

2. 

£ i && 


; 2 -o 7/<~' 

/£> o - 3 Saj 

3 . 

\ 

/■Z&c 


/Aj 

& - y7k J 

4 . 

2-i t <■ 

(? CT^ SW-tf /L 



5. 






Hourly Positions: 

lime Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1 - 


0200 

/3.-C5® ^ 






0300 







0400 

,/7'3 

/ 2 . 0-77 to 





0500 

3 0 

ao 





0600 

/ 

- */? ^ 





0700 

/A 






0300 

/ 7.-0 T'*' 

/Lo-S'k'J 





0900 

CO 

AO 





1000 

//- ^ y W 

/Ac - y 2 





1100 

45- 






1200 


/ L>C * 7 ^ 





1300 

3S 





i 

1400 

//- 7 2 a/ 

rf 2 




- 

1500 

/S' 

«Td~ 





1600 

//- // tJ 

/ & c - ^ 





1700 

O 3 

<3/ 





1300 

/r -5Z-V 

/fe / -.s ?*«/ 



.... —- 


I 9 OO 

*9 

04 





2000 

/7-y/A-* 

/ dr /~ C % Aj 





2100 







2200 


/4/'/2 ^ 





2300 







2400 

/c? / 4 /A/ 

/«/ - J L~ *W 
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n*so 


ft 


Dat e /icC Ship > >•, 


( v^c 5 y ) Cruise Wo. 


Organization 


Recorder 


Sunrise: 

Time 

0LS 3 

Position: 

Lat. Of 

Long. '<4/- 5 , 

Sunset: 

Time 

iis-t 

Position: 

Lat. ' , 

Long. / L ' f 








Miles travelled from 0000 hours to sunrise = STZ 


c 

Miles travelled from sunrise to sunset 
Miles travelled from sunset to 2^00 hours 


r? 



TIME OF FIX 

TYPE OF FIX 

LATITUDE 

LONGITUDE 

i. 

$£>0 0 

/> A . 

/£? /</Sl/ 

/£ /-/itj 

2 . 


<r ece $ av» i- 

& / 7/0 

/C A y 

3. 

/2-&C 

t o L 

C* S' s/so 

A 3 i ^0 

4. 

i,oo O 


0 7 5 7 su 

Sc, / - SS 

5. 






Hourly Positions: 
Time Latit ude 


Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1- 


0200 

/C-CCa. 

/£ / 





0300 







0400 

rA-vcA 

/bt *2y 4 





0500 

3 * 

jlU 





0600“ 

S 9 ? 

A / - 2 f*v 





0700 

24 

3 1 





0800 

09-/7* 






0900 

1/ 

isT 





1000 







1100 


37 







- ^ c 







w 0 



• - ■— , ^ / 





O 

O 

-4* 

H 

c Z 3?A 

,’ut-e/a^ 





1500 

OJa 






1600 


f L i 





1YU0 

(X 

32 I 





1800 


/6/ A^foo 





1900 

31 

sT£ 





2000 

£>7 5 I" 

/^/ 5 > ^ 





2100 







2200 

0 7' 3 ^ sJ 

/ * ot 





23 00 







2400 

£} 7- l SaJ 

j& ? -*?/ *9 
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Dat e /S /n /' : Shi p - ( 

Organization * 1 Recorder 


) 


Cruise No. 


Sunrise: Time C C 


Position; Lat. ^ v v *- 1 , Long. X- 


Sunset: Time / h S */ 


Position: Lat. 


Long. 


Miles travelled from 0000 hours to sunrise = 
Miles travelled from sunrise to sunset = 
Miles travelled from sunset to 2400 hours = 


~7 


TIME OF FIX 


TYPE OF FIX 


LATITUDE 


LONGITUDE 


1. roo d 








r> 7 

&C- /O'O 


r S td 


5 - 

Hourly Positions: 


Time 

Latitude 

Longitude 

Wind Dir. 

Wind Sp. 

Wave Dir. 

Ware Hgt 

0100 





1 


0200 

O 7’/C *J 

/&Z-c>Z 





0300 







(too - 

0 & * s y 

/ if O CC 





0500 


.- « 





0^00 

Ol- V 0 A 

/4 £ ~C i/ ol) 





0700 

27 

9 





0800 

£ L- — 

/Z Z- /Z S 





0900 


/4 





1000 

6 c 

/ 6 2 ~/7 7 AJ 





1100 

'4 

/ 6? 





1200 

/)&- WiO ' \ 






1300 

OU> 

1 r - 





1400 



) 

W 




1500/ 



/ 




1600L 

- r 






1700 1 


__ 1 L--“ • 





1800 1 







1900 







2000 







2100 







2200 







23 00 







2400 
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Dat e /,• /tMji 


Ship_ d 


(_) Cruise No. 


Organization 


Recorder 


Sunrise: Time_ Position: Lat._, Long._ 

Sunset: Tim e /> 3 2 Position: Lat. O S- ^o^-_ , Long. 


Miles travelled from 0000 hours to sunrise = •— 

Miles travelled from sunrise to sunset = 


Miles travelled from sunset to 2400 hours = ^ ^ 

_ TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 



2 . 

3 . 2,o£>o diesis/# c d>S- /£-' rs - 

4 . 

5 . 

Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1- 


0200 







0300 






L 

o 4 oo 







0500 







0600 







0700 







0800 







0900 







1000 







1100 







1200 







1300 







I 4 oo 







1500 







1600 





1 


1700 







1800 







1900 







2000 







2100 







2200 


/ C/ - v ? ^ 





23 00 







2400 

^3 '2 
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Date /? Ship (_) Cruise No. 


Organization_ Recorder 


Sunrise: Tim e 0 i v ^ 
Sunset: Time 


Position: Lat. Qlr- , 
Position: Lat. c*7 ' S.f ^ , 


Long. / <s9«j 

Long. /Lc . 


Miles travelled from 0000 hours to sunrise = C/ 5 


Miles travelled from sunrise to sunset = £ 3 


Miles travelled from sunset to 2400 hours = 


TIME OF FIX 



Ooo 


/i 


c • (pi. 

3 • / i 

• Z^c <' o 

5 . 


TYPE OF FIX LATITUDE 


& /l 

& £ , - g.,y/cv 

(JC 

i// £ 

% 

6 £t e<? /m <~ 


JS-Zi'V 

o $, -c>c*j 

<y - ¥ 

<-/* 2//^ 


LONGITUDE 

/ /e 

/dd ' </v^ 

/(,0'C ~?*d 


Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1 - 


0200 

6> 7' 2- wi; 



- 



0300 







oioo 

es'i&s l. 






0500 







0600 

^ j A 

y/ C* ^ 





0700 

,JJ , 

>TO 





0800 

it s 






0900 

<?>T* 0<? 

An 





1000 

/>;} r' 0 






1100 

4*? 

s a 





1200 


/ * Zr £<- 





1300 



h 

3 




1400 

<?V- 7<vj 






1500 

37 

■M 





1600 

tfy - 3^ a- 

/< * 





1700 

30 

17 





1800 1 

^ Y * 2^ *** 

/co • /y ^ 





1900 

XT 

to 





2000 

y* 2 //v 

/ 6- ^ ^ / /-L/ 





2100 







2200 







2300 







2400 
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Date a 'Mmch Shi p U/hST^/hjj ( c - ( ) Cruise ho. Opt.i 

n 

Organization $Gr>s ^ Recorde r ■ •> ■ _ 


Sunrise: Time 

oG^x 

Position: 

Lat. 

03° c V , 

Long. 

0 

/ V 

Sunset: Time 

/ G? 

Position: 

Lat • 

3° J3 f N , 

Long. 

16> S °£G 






Miles travelled 

from 0000 hours to sunrise = 




Miles travelled 

from sunrise to sunset 


j, 



Miles travelled 

from sunset 

to 2^00 hours = 

C'ri 

SJ 




TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1. 

2 . 

3. 

4. 

5. 


Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . 


Wave Hgt . 


0100 

T 




T- 


0200 







0300 







0400 





> 


0500 







0600 







0700 







0800 







0900 







1000 







1100 







1200 





1 J - 


1300 







1400 







1500 

T. 12 t 

1 S' ^ 1 ?' ^ 





1600 

3 0 t ■!' 

O 7 





1700 

U 2 A ‘ 

Cj 0 





1800 

^ D /S ' 






1900 

- 2° 1^ 

-4 3 





2000 







2100 







2200 







23 00 







2400 
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Dat e g /r cY Shi p //?c _(_) Cruise No. 

Organizat ion_ Recorder_ 


Sunrise: Time_ Position: Lat. _, Long. -•— 

Sunset: Time /& Position: Lat. A /S /c , Long. / 


Miles travelled from 0000 hours to sunrise = ~- 

Miles travelled from c e to sunset = i ^ 


Miles travelled from sunset to 2400 hours = y £ 

_ TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 

1 / / $ Us? C- 

1 . /7rOO 

2 2*° ° ( r/ * 

3 . 

4 . 

5 . 


Hourly Positions: 


Time 

Latitude 

Longitude 

Wind Dir. 

Wind. Sp. 

Wave Dir. 

Wave Hgt 

0100 





j 


0200 







0300 







0400 







0500 







0600 







0700 







0S00 







0900 







1000 







1100 







1200 

/ f A ^ ^ 

/,i'7 v / 





1300 


4s~ 





1400 

/ —y ? As 

/ 5 7 * 





1500 

3 ^ 






1600 

/- 3/ /0 

/si'Ob tv 





1700 

%s 

IG> 





1800 

L- 

S *5$ - IV to 





1900 

13 

3A 





2000 

/ a t <0 

/ 3J - y} cu 





2100 

V Tj'w 





- 

2200 


S3 -5 'y -**■' 





2300 







2400 

~y 2 

/sf " ° ^ 






A s ? 2 .sd /b‘ 7 *y/ 

/- 0 ? >l> /s- 3 - <v; ^ tf /c 7T5 ^ C 
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Date ZO />?,mc /W 7 Ship __(_) Cruise No. 

Organization Recorder 


Sunrise: 

Time 

Position: 

Lat. C 0 3 } , 

Long. 


Sunset: 

Time 

Position: 

Lat. , 

Long. 









Miles travelled from 0000 hours to sunrise = ^ 

Miles travelled from sunrise to oua a ot = y ^ 


Miles travelled from sunset to 2400 hours = 


_ TIME OF FIX TYPE OF F IX LATITUDE LONGITUDE 

1 . OoOO 

2 . £*00 

3- 
4. 

5- 

Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1- 


0200 

CO - y y/o' 

LI 





0300 







6400 

co rjA7 

/ 5 f ‘2V 





0500 







0600 

0 0 C J ^ 

; 5 ? - ^ 





0700 







0800 

£>C -06$ 

/ 5 '7~ V7‘ J 





0900 







1000 







1100 







1200 







3300 







1400 







1500 







1600 







1700 







1800 







I 9 OO 







2000 







2100 







2200 







2300 







2400 








i etc-t/t**- 




O o- 


oc CS $ 


t o 3 — 
ss~y- </ y 
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Date 2$ /»/u<z// /ft? 


Organization 


Shi p js’ 9 ( 

Recorder 


) 


Cruise No. 


Sunrise: 

Time 

C’6 l /~ 2 ' 

Position: 

Lat. J/}/? ' ‘ J , 

Long. 

Sunset: 

Time 

/S-9 2. 

Position: 

Lat. , 

Long. 








Miles travelled from 0000 hours to sunrise = ■— 

J'O'i *' 'S 

Miles travelled from s«sa?4se to sunset = tc 2^ 


Miles travelled from sunset to 2400 hours = O 1 


TIME OF FIX 


TYPE OF FIX 


LATITUDE 


LONGITUDE 


/Z ootrf 


2,0^0 tJ 


(1 £< f-S 7 ssi L 


O etcSr/s? c 


06 5 


& /- 3 y -5 


SS? 

/$-£■ 


5 . 

Hourly Positions: 
Time Latitude 


Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





]- 


0200 







0300 







0400 







0500 







0600 







0700 







0800 

Of - tt. < 

/ Gc cy cV 





0900 

3X 

S3 





1000 

<po 3 s s 

/ C5 - VS^ 





1100 

A3 

30 





1200 

O V? 5 






1300 

ss 

a l 





i 4 oo 

0 * -o& JS 

/ ' s i«j 





1500 

0Q> 






1600 

c/ /y -> 

/ «5T> t? ^ 



i 


1700 

17 






1800 


/ s $ V c / 0 





1900 


<A 


• 



2000 

0 / 3 y 5 






2100 







2200 

y i <) 

t SS ^3<aj 





2300 







2400 

O/ 57 y 

/SB ~o5 
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Dat e 2 v * Ship_) Cruise No. 

Organizat ion ________ Recorder 


Sunrise: Tim e S Position: Lat. Z ~ 3'5'/J , Long. /S7 2.0 

Sunset: Time , . - - Position: Lat._, Long._ 


Miles travelled from 0000 hours to sunrise = 
Miles travelled from sunrise to sunset = 
Miles travelled from sunset to 2^00 hours = 


£ ^ 





TIME OF FIX 

TYPE OF FIX 

LATITUDE 

LONGITUDE 

1. 

& O o o 

D/L 

6 /-I7J ‘ 

/ J £ *' O Sr t\j 

2. 

0 to# o 

t* ec<^$r/s? c 

oz- V <•/ i 

/ sr 7- /o <~u 

3. 

/Z O O 

<*£££ $ ? t- 

C'L-sz- 3 

75 7-0 <y UJ 

4. 

ic oo 

£C C £5 ''4 <- 

O 3 2 5 3 

/T 7 - / 7 **-> 

5. 







Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1- 


0200 

<pi- ^ 

/ S7'S 9 vo 





0300 







0400 

OZ- 2 ;0 5 

/ y7- 3 ? m. 





0500 







0600 

G.%: 5 

/S7'2V«J 





0700 

SS 

.. . 17 





0800 


/ 5^ 7- sc 

) 




0900 

4i“ 

11 

> ^y 

*7 



1000 

:-z YCto 

/ S "7- / 2* 





1100 

47 

$ 

J 




1200 

C 2 - S 2- 5 

/ S' 7 OY 





2300 

SCe 






i 4 oo 

C % 00 s 

/ S' 6 52-&J 





1500 

04 

4C, 





1600 

0 3 0 > i 

Y JT/: - V / OO 





1700 

i a 






1800 

03 /i $ 

/$£- '1*7 ZU 





"1900 

OjCP 

SYS 





2000 

0 2, Z-S 5 

/5 A /7 20 





2100 







2200 

£ 3- J / y 






2300 







2400 

5 3<?S 

/T£ - S<f ^J 
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hate 3° *>U'b'lC/+ f>u. 7 
Organization_ 


Ship ( , ) Cruise No. 

—-- 7* y c r^ 

Recorder 


Sunrise: Tim e C 6 2 2- Position: Lat. C jf s f o , Long. /Ss-5 3 

Sunset: Time_ Position: Lat._, Long. _ 


Miles travelled from 0000 hours to sunrise = 3 3 

Miles travelled from sunrise to s4inset = 


Miles travelled, from sunset to 2400 hours = 



TIME OF FIX 

TYPE OF FIX 

LATITUDE 

LONGITUDE 

1. 

& OO CJ 

jp/t- 

O ? 3 A > 

sss-sf t+J 

2. 




/S S'* 2 5* '-</ 

3- 

/Leo 


ov s?-SS 

/'S'S / 

4. 





5. 






Hourly Positions: 


Time Latitude Longitude Wind Dir. Wind Sp. Wave Dir. Wave Hgt 

0100 





1- 


0200 

C 3- <tS s 

/rr -setu 





0300 







0400 

C i S / .5 

/ S 5 - V / Uj 





0500 







0600 

0 J SB 5 

/ S 5 - 3 2 oJ 





0700 







0800 

£t/-CS $ 

/S 5r 2 ) ^ 





0900 







1000 

/>*/ 

/ SS-0-7*0 


• 



1100 







1200 

C V-/9.SS 

/ J 5 • / J 4^, 





1300 







i 4 oo 







1500 







1600 







1700 







l800 







I9OO 







2000 







2100 







2200 







2300 







2400 
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Pat e-4 A If ■ Z- Shi p V'/ 6 i > ( 00 I ) Cruise Ifo< ?C> f $ 

Organization Recorde r C H 4 \) _ 


Sunrise: 

Time 

00 , 25 ’ 

Position: 

Lat. C 6 J " S , 

Long. 

Sunset: 

Time 

/€SS 

Position: 

Lat .06° S, 

Long. >4 y - -/ i- 








Miles travelled from 0000 hours to sunrise = 

€7*t>eoeh 

Miles travelled from &unr - i -se to sunset = 


Miles travelled from sunset to 2400 hours = 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 

2 . 

3 - 

4 . 

5 . 


Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





T- 


0200 







0300 







0400 







0500 







0600 







0700 







OoOO 


• 





0900 

OS'-'U ’s 

l S(r °C3 w 





1000 


>6'& c t / w 





1100 

50 

1 





1200 

6 " trss 

/ 6 'Qf ? / ■ ~ 





1300 

6 ," i '0 ' 

1 





1400 

Co° OG 5 

!5(F vC2' 





1500 

1 £ 

17 ot 


4 



1600 

s /S 15 






1700 

2.0 

20 





l300 

(e’- $ 






1900 







2000 







2100 



t 




2200 







2300 







2400 
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Cruise No. 


Dat e A f'A f /- Ship. L) 

r 

Organization fags' /° _ Recorder C‘ ' J 


Sunrise: 

Time 

o<b<jo 

Position: 

Lat. ^ ’ , 

* f 

Long. A r - ' ^ 

Sunset: 

Time 

J ?-> 9 

Posit ion: 

Lat. b , 

Long. 








Miles travelled from 0000 hours to sunrise = _ 


Miles travelled from sunrise to sunset = / / 

Miles travelled from sunset to 2400 hours = 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 

2 . 

3 . 

4 . 

5 . 

Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1- 


0200 







0300 







0400 







0500 







0600 







0700 


/ S '}'- r <t ^ 





0300 


y r ' i t 





0900 

2 <? 

^ Cp 





1000 

I *}*'* 

/•fv-r i * 





1100 

37 

160 % i 


/ 



1200 

7 4 2 c 






23 00 

47 

20 





i 4 oo 

7 0 S < S 






1500 


29 





1600 


/ v •> yt >'w 





1700 

04 

l & a c £- 7' 





1800 


to f ° o > 





1900 







2000 


> 





2100 







2200 







23 00 







2400 






__ _ __ — 
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Dat e __ Shi p 


P cr/ 


— 


( &0 i ) Cruise No. C'Ol 5 


Organization l'Ci> 


Recorder < -i/j A ' 


Sunrise: 

Time 0.5 

Position: 

Lat. <% c o2 r f 

, Long. /6> 3 °o4 

Sunset: 

Time / £ 0 

Position: 

Lat. 9°S2 's 

, Long. K,4°6‘7 , ' a ' 


Mies travelled from 0000 hours to sunrise = 


Miles travelled from sunrise to sunset = JJU 

Miles travelled, from sunset to 2400 hours = (9 3 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 

2 . 

3 - 

4 . 

5 . 

Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 




t - - ■— 

1 - 


0200 







0300 




* 



0400 


*■ 





0500 







0600 

< 3 ° 0 2 ' 

1 t * 1*0 £>'W 





0700 

Ole 

. 74 




• 

0300 

It's 

! 6r * ° tL S ' 





0900 

/ 






1000 

3.0 's 

! ( oi * 4 3 ’” 





1100 


St 





1200 


TZ 3" T ?^ 





1300 

* s 




■ ■ t 1 1 r 7 

1 


O 

O 

-V 

rH 

3 a'- 5 

is ''*' 





1500 

37 






1600 

<J ZL $ 

/ 6 4* 7 ^ 


* 

• j 


1700 

A 7 

47 


* 



1800 

4 s Jr 5 






1900 

sy 

or 





2000 







2100 







2200 







2300 







2400 
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Dat e 7 Shi p _(__) Cruise No. 

Organization Po Recorder f) U 


Sunrise: 

Time 0 & ! ( 

Position: 

Lat. !0 °> 9 S , 

c* / 

Long. 

Sunset: 

Time S" / 5 

Position: 

Lat. ' 5 , 

Long. 







Miles travelled from 0000 hours to sunrise = cr ^ 


Miles travelled from sunrise to sunset = 

Miles travelled from sunset to 2400 hours = <T£ 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 

2 . 

3 - 

4 . 

5 . 


Hourly Positions: 

cco/xsc 

lime Latitude Longitude W£pg Ulr . Wave Dir . Wave Hgt . 


0100 

-- r -— 


1. 

T- 


0200 







0300 







6400 

- • 






6500 


-,-- 





0600 

5 n 

*■ 

3 1 O 

/O ftr 


* 

0700 

/ t OS’ . ■ 






0800 

lr /2 ■ 

i-tui i' t 


r 



0900 

n~l4' 

.. <1 




* 

1000 

//• 1 £■' 

/ /■ ,• r ? 

l ' 

! 




1100 

12 

/ ts? 0 <? * 

1 




1200 

/ / - 3 * 

/&7 •' / ' a 





1300 

<? h 

! \q S 

i 

1 



1400 

! f - ' / * 

/$>'• v ,, 

j 




1500 


i-T V 



** 


1600 

/: -i '\ 






1700 

/ 7 0 10 v 

- t . 5-1 % 

- 

-f ■ ■ ■■■ 



1800 

12. 1 *7 A 

^ S -f h 


TT 



1900 


/ * S 0 5 


— 



2000 




V 



2100 



r) 




2200 







2300 







2400 
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Pat e K APnu_ f Cf 67 Shi p 3 _( &Q I ) Cruise No. 3 * 

Organization PorjSr* Recorder^ C ft/* At 


Sunrise: Time Qt 
Sunset: Time 


Position: Lat. I - C S, Long._ ^ ' • 

Position: Lat. /4> 'Z'„ Long. / t** 


Miles travelled from 0000 hours to sunrise = 

ids c/ss 

Miles travelled from simri^e-to -&u**eet = 


2£l 


Miles travelled from sunset to 2400 hours = 
TIME OF FIX TYPE OF FIX LATITUDE 


LONGITUDE 


Hourly Positions: 
Time Latitude 


Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt 


958b-SI-MNH 
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Date / X A ft 

Organization ! 

| 

8 '. Ship ' ) Cruise No. CO/ •? 1 

' 0 tb f Recorder b/f fyj 1 

1 _ - f ? F 1 

Sunrise: Time O 6 & Position: Lat. , Long. 1 

l 

Sunset: Time /SXO Position: Lat. 1 3 ° /<? S , Long. /T^y < / ^ 1 

. ...... ■ 

... |§ 

Miles travelled from 0000 hours to sunrise = 

1 

Miles travel],ed from sunrise to sunset - S* 7 | 

- ■ ■- ■ ■ ■ 

Miles travelled from sunset to 2^00 hours = ^ / | 

TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 1 

1. 

2. 

3. 

4. 

5. 

Hourly Positions: /O^S 

Time Latitude Longitude Wind Dir. Wind Sp. Wave Dir. 

I 

Wave Hgt. 



H 1 

II 

0100 





T- 


' »l I 

1 

1 

1 

1 

0200 







0300 







0400 







0500 







0600 







0700 







0800 







0900 







1000 







1100 







1200 







1300 







1400 


/ >£| 3 < tv 

f 




1500 

f > J* < 5 . -. 

2 £ 





1600 

n zz 

3 s 





1700 

/3 / ^ 

< 0 





1800 

1 & 1 / 

4 2 





1900 

• 






2000 





-• 


2100 







2200 







2300 







2400 







----- 

958b-SI-MNH 1 
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Cruise No. oof ? 


Date j 3 APflU. Shi p YA /j~~ ■? Q ( c?0 (_ ) 

Organizatio n tZlSzJj/Z Recorde r Cl) .4 Aj 


Sunrise: Time Q&3. 9 
Sunset: Tim e ) £ Jl_ p 


D * O • 

Position: Lat. UL U OS , Long. /7 / c<g %k / 
Position: Lat. \d*4*S . Long. 


Miles travelled from 0000 hours to sunrise = S> *</ 

Miles travelled from sunrise to 'sunset = Al * 

Miles travelled from sunset to 2400 hours = Leo 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 



2 . 

3- 

4 . 

5 . 

Hourly Positions: 


Time Latitude 


Longitude Wind Dir. 


Wind Sp . Wave Dir . 


Wave Hgt . 


0100 





1- 


0200 







0300 







o4oo 







0500 







0600 







.0700 

TFTFs 

I'll 

C/ O(T0 



* 

0800 


•'7/ ^ 

/ 




0900 







1000 







1100 







1200 







1300 







1400 







I50O 







1600" 







1700 

Tc^sf s 

11 i v i r - 

7>n 




l800 

to' 

/.? 





I9OO 

£3x2. 

* vT 





2000 







2100 







2200 







2300 







2400 
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Date A PR/L 


Shi p v '/' /£- ) Cruise No. 7 > / p 


Organizatio n rC'Z. 


Recorde r • / • 


Simrise: Time 
Sunset: Tim e j T 3* 2? 


Po s it ion: Lat. O 5 , Long. / 7 1 < 0 
Position: Lat. ? , Long. / '73 2 '?' <<- 


Miles travelled from 0000 hours to sunrise = 

Miles travelled from simrise to sunset - -i- C? 

Miles travelled from sunset to 2400 hours = f 

—.... 'Si. ■ ,W, . 

TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 


5. 

Hourly Positions: 

Time Latitude Longitude • Wind 1 DI t . Wind Sp . Wave Dir . 


/O ATs. 


Wave Hgt 


0100 




^ . ..... , 

T- 


0200 







0300 







o4oo 







0500 







0600 







0700 







0800 

q° 0 3 -S 

f ^ 

3 Z O 




0900 

5 ^ ' 

. £ cT 





1000 

«?7 

174 OP 





1100 

-40 

©3 

Z .2 1 

C' /O! !£> 

O 


1200 

3 0 

i 3 





1300 

> 1 

f 1 





1400 

^ ! 

2-<9 





1500 

0 r 






1600 

1 id 

3- Sr 





1700 







0 

0 

CO 

H 







1900 







2000 







2100 







2200 







2300 







2400 
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Date 


L Shi p ( < 2 £lL ) Cruise 'No. QQ/ ^ 


A 


Organization f t )/ /• 


Ee c or de r ( » ' r\j 


Sunrise: Time o&:?g 
Sunset: Tim e / % • ^ 


Position: Lat . Long. /? <T' Pi- 1 V/ 
Position: Lat. > ri </ST V , Long. 5 ” C*£ ^ 


r 


Miles travelled from 0000 hours to sunrise = Jg jk 


Miles travelled from sunrise to sunset = / / / 

Miles travelled from sunset to 2400 hours = 

TIME OF FIX TYPE OF FIX LATITUDE 


LONGITUDE 


Hourly Positions: 
Time Latitude 


Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt 


0100 





1- 


0200 






/ 

0300 







0400 







0500 







0600 







0700 

ns 

ty -4 ? ?k/ 





0800 

/i 

r 

•'•'TUW 

O 





0900 

Ol 






1000 


/y 





1100 







1200 







1300 


« ? 

1,# 1 





1400 

»| i 

> t- 





1500 

d J£ 

* 7 vT O 3 





1600 

oL 

nro^i 





1700 

3 £ (0 

>7 SOS' 





1800 







1900 







2000 







2100 







2200 







23 00 







2400 
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Date ((p Ap/ZiC /f6> 7 Ship YMr H 


Cruise No. oor~S 


( 


<30 f 


) 


Organization Ports'/ 


Recorde r dff^/Q 


Sunrise: Time Ob 3 A 


Sunset: Time / 8 £° 


Po s it ion: Lat. / SO §_ , 


Position: Lat. (°O O S , 


Long. I ?S°I 7 W 
Long ._( 7 & 0 - 4 o 


Miles travelled from 0000 hours to sunrise = 

Miles travelled from sunrise to sunset = / 0 <i 


Miles travelled from sunset to 2400 hours = 

TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 



2 . 

3 . 

4 . 

5 . 

Hourly Positions: 



Time Latitude Longit ude Wind Dir. Wind Sp. Wave Dir. Wave Hgt. 

v ■ T'\ T (>Vv* 




off? 


0100 


• 

— 


1- 


0200 







0300 







o4oo 







0500 







06 00 

Of 's 

/ 7>r° / 7 ' 

• ^ 

3 f'O 



0700 


1 9 





0800 

3 v 

/<? 


9t O ff / -2 

^ y 0 


0900 

a-s 

h 3-* 

4 1 



*9 

1000 

3 A 


« (> 



at 

1100 

3 3 

4 a 

. 37 



7 

1200 

3 3 


T f 

V 




0300 

33 

r? 6 > 





1400 

3 3 

10 

* 




1500 

3 3 

/& ^ 

T 




1600 

33 

$.(* 



J 


1700 

33 

34 





1800 1 

r 3 3 

AO 


c/c. //< 2 

-^o/o 

— 

1900 

a>r 

A 0 





2000 







-s±eo 


no-'' < ■'••• 





2200 







2300 







2400 
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Date /7 Apy/i_ 


Organization^ 


Shi p Y/ffr 2 ( & O I ) Cruise Wo ♦ C?*C't < 

_ Recorde r C 4-\J _ 


Sunrise: Time O&A 2 
Sunset: Time fSSTj 


Position: Lat. C7‘, 


O 


_? Long -JSZ&JjL ^ 

1 

Position: Lat. < / V , Long. / ^ 


Miles travelled from 0000 hours to sunrise = 


Miles travelled from sunrise to sunset = 
Miles travelled from sunset to 2400 hours = 

TIME OF FIX TYPE OF FIX LATITUDE 




Q 


LONGITUDE 


1 . 


5. 

Hourly Positions: 

% 

Time Latitude 


Longitude Waadr’Dl? . -Wiad Sp . Wave Dir . 


Wave Hgt 


958b-SI-MNH 
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Dat e /£ /!aV t, (O £ 7 Shi p > 1 ' - 2 ^ ( ^ f ) 


Organization 



Cruise No. * ‘ 


Recorder •'-> # ^ 


Sunrise: Tim e Q&<$S 
Sunset: Time f $ t 


Position: Lat. ^ , ■ , 

Position: Lat. Of' X (S , 


Long. / g Jt ** 
Long. / 


Miles travelled from 0000 hours to sunrise = sS ^ 


Miles travelled from sunrise to sunset = iojB_ 

Miles travelled from sunset to 2400 hours = SB 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 


2 . 

3 - 

5 . 

Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 

cCD^s's 

.17 c .r v 



1- 

. 

0200 

o /°a c>' s 

/70 .£<? — 





0300 

0/° o 8 <S 

/V7 &*t ' 1 * 





0400 

t’f / S’s 

t?*? - os ' ^ 





0500 







0600 




■ 



0700 







0800 







0900 

L/ c 2 *.> 






1000 

2sT a 

r 3 





1100 

2 7 S 

/ 7 ? 0 2 





1200 

2 

/ 2 . 





2300 

3 O 






1400 


y 7 





1500 


... - ? -7 


- 



1600 







1700 

* 5 * 






l800 


r • ? 

> 





1900 


a 





2000 







2100 







2200 


> >« 0 2 





2300 







2400 
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Date * / 4 Ap#(l m ? Shi p far- ?<’r ( QOt ) Cruise Wo . ( , / * 
Organization Recorder_ C H 4- A) 


Sunrise: 

Time 4 > 

Position: 

Lat. O ^-4 2 '< , 

Long. / 7 72 S’ 

Sunset: 

Time /£ 

Posit ion: 

Lat. C 

Long. /7S° ’ 







Miles travelled from 0000 hours to sunrise = 4 C> 


Miles travelled from sunrise to sunset 
Miles travelled from sunset to 2400 hours 

_ TIME OF FIX TYPE OF FIX _ LATITUDE _ LONGITUDE 

1 . 


= 

= 




4 . 

5 . 

Hourly Positions: 



Piffle Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





T- 


0200 

0 ° Si ' s 

I 7 y 7 3 





0300 

4 $ 

2 vT 





o 4 oo 

40 

30 





0500 

43 

f 4 





0600 


2 O 





0700 

< 3 12 

So 





0800 

42 






0900 

<12 

4 ? 





1000 

4 / 






1100 

40 

L 7 $ OS 





1200 


/& 





1300 

is 

2 4 





1400 


3 4 





1500 

14 

.... . <0 . 





1600 


3 0 ' 





1700 


i 1 





1800 

1 s 

/ 3 





1900 


os 





2000 

•* < 

C(t 





2100 


lyy ih 





2200 


<t 1 





23 00 

OJTSJ 






2400 

10 V. 
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Cruise No. 00 / y 


Dat e j/'v j / Shi p ^/j (r 8" *•/ ( QO\ ) 

Organizatio n 5 P _ Recorde r ft ** 'V _ 

Sunrise: Tim e & — ? Position: Lat. Q' J_ ■/_ , 

Sunset: Time /SJ<) Position: Lat. So 4 / , 


Long. ~ 

Long. / 7 £ ’/ } u.- 


Miles travelled from 0000 hours to sunrise = yf-C 


Miles travelled from sunrise to sunset 



Miles travelled from sunset to 2400 hours = 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 

2 . 

3. 

4 . 

5. 

Hourly Positions: 


l 

Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1- 


0200 







0300 







6400 

O c . 1 A/ 

/ 7 7 * c/n r 





0500 


l 





0600 

~ 






0700 


'~76 S<° 





0800 


t y > 





0900 


/ r i 





1000 







1100 







1200 

♦0 * 

. ■; • 1 





]300 







i4oo 

y ^ 






1500 

T 






1600 


- 



<• 


1700 







1800 

- * 4 

1 r 





1900 







2000 







2100 







2200 







2300 







2400 








958 b-SI-MNH 
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Date / /■/'>?:•: ■'£'> Shi p ^ j. G ( - ) Cruise No. tiOQ 


Organization / / £ ‘ Recorder . .y 

— ■ i ■ - ■ ■ ■ 


Sunrise: Time 

Position: 

Lat .OT 36 , 

Long. / 7 if 

Suns et: Time f >* f <f 

Posit ion: 

Lat. ° J? 7 /<v , 

Long. /*>£ ^ 


Miles travelled from 0000 hours to sunrise = ss 


Miles travelled from sunrise to sunset = JJ1 
Miles travelled from sunset to 2400 hours = S ~0 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 

2 . 

3 . 

4 . 

5 . 

Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 





1- 


0200 

0/°2<l’f<J 

l~7 7 7o <t 





0300 


t"> y / 





0400 

? 0 

• 27 to 





0500 

1 


• 




0600 







O7OO 


>yy 





0800 


S-t 





0900 







1000 







1100 


2 -? 





1200 







1300 




• 



i4oo 







1500 







1600 







1700 







1800 







1900 







2000 







2100 







2200 







2300 







2400 
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Pat e 30 Apfhl Shi p - - : ^ ( .f ) Cruise No, &Ot 2 

Organiz at io n _ Recorde r •- ^/ff- X/ _ 


Sunrise: 

Time 

0&4 i 

Position: 

& ^ 

Lat. of < 5 ° , 

Long. 

Sunset: 

Time 


Position: 

Lat. o l“ <?y' , 

rt / 

Long. fy&C >7 








Miles travelled from 0000 hours to sunrise = 

Miles travelled from sunrise to sunset 
Miles travelled from sunset to 2^00 hours 

TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


= 

= vTjT 


1. 

2 . 

3. 

4. 

5. 

Hourly Positions: 


Time Latitude Longitude Wind Dir. Wind Sp. Wave Dir. Wave Hgt. 

2 S 7 


0100 

Ol 1 

/'?’? SO 



— 


0200 

... Qi 

/ ? 





0300 

e 7 

IX 





0400 







0500 

0 <1 






0800 







0700 

O* S*f 

f y& ■■ i 





0300 

Sb> 

4 2 





0900 







1000 







1100 

S 7 






1200 


O : “ 

sr ~l% 




2300 



3r 




i4oo 

a fi 1 % 'V 

3 2 ' ' 

OxS 




1500 


27 

1 




1600 

S 7 

xo 

i V 




1700 


1* 

9>J 




1800 



rvL 




1900 







2000 







2100 







2200 







23 00 







2400 
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Date <5. ' ~7 Ship y± ■ '2. ( 00 t ) 


Cruise No. 


Organizatio n „■ ■ / _ Recorde r .{'U, - A) 


Sunrise; Time Cfa • / 

Position: Lat. 3 °/O , 

Long./ '7*4 

Sunset: Time {%*\Q 


. e> f 

Position: Lat. , 

Long. / 7 o 32 U/ 



Miles travelled from 0000 hours to sunrise = 

Miles travelled from sunrise to sunset 
Miles travelled from sunset to 2400 hours 

TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


= _//<£ 
= -iO 




3 . 

4 . 

5 . 



Hourly Positions: 



vsy^ 


Time Latitude Longitude Hind Dir ?- -Wind: -gp *? Wave Dir . Wave Hgt 

?or7~ 


0100 





1- 


0200 



n*f<3 

60A^ 



0300 



1 






0400 









0500 









0600 

3°y w 

/ ~?<4 0 S *4 







0700 

>1 

<t G> 





$r a 


0800 

111 t 

5 1 





U jT 


0900 


t O 







1000 


22 





S? g 


1100 

<4C 

/,r 





2 / 


1200 

4s- 

. 





/</ 


2300 


a 3 





09 


i4oo 


■ - * ^ 







1500 

X 

. S'J 





£1 


1600 

/vT 

* *NJ , 





r / 


1700 


An 





4/ £ 


1800 1 

2. (0 






</ 2 


1900 

? f 








2000 









2100 




1 





2200 









23 00 








2400 
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Date 2*4 APtfIC 


Shi p Yrf & 2 & ( q£± ) Cruise No. <2_ O / S 




Organizat ion / • r?£ /*" 


Recorde r Qa.-Ml 


Sunrise: Time OOt <? Position: Lat. 6 ° 33 L / , Long. ° 3 4 f 


Sunset: Time / Q 2 b? 


Position: Lat. h ? Aj , Long. / ^<2 f~? H/ 


Miles travelled from 0000 hours to sunrise = 


±i 


Miles travelled from sunrise to sunset 


- // 3 


Miles travelled from sunset to 2400 hours = — 


TIME OF FIX 


TYPE OF FIX 


LATITUDE 


LONGITUDE 


2 . 


5 . 

Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . 


0100 


0200 


0300 


0400 


0500 

0600 


0700 


ObOO 


0900 


1000 


1100 


1200 


1300 


Uoo 


1500 

lgoo 


1700 


lb 00 


1900 


2000 


2100 


2200 


2300 


2400 








££. 


t >3 


i L 


32 


-4 I 


no 


SI 


L2ZlX$ 


i± 


l s 


if 


3 C? 


SO 


3 r 


3 ? 


3 9 


11 


a. 7 


1 ± 


L± 


a 9 


30 


31 




rr 


<y£/ 6 




~77*r& 


A % 4 T 


< 




JLA&. 


Wave Hgt 


21 


?± 


IP 


U 


2 * 


x 3 


12 . 


±x 
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Date .2. $Prt t Ship $< ? 9 

( €fOt ) 

Cruise No.^ 4 ' f i 

Organization / 

Recorder <. *f < KJ 





Sunri s e: Time O "X 

Position: 

Lat. (§ 0 IH %, 

Long. > ~7pD 

Sunset: Time / 

Position: 

Lat. 7® 

Long. / >5 / £ M 






Miles travelled from 0000 hours to sunrise = 


Miles travelled from sunrise to sunset = /Q3 

Miles travelled from sunset to 2400 hours = 


TIME OF FIX 


TYPE OF FIX 


LATITUDE 


LONGITUDE 


1 . 

2 . 

3. 

4. 

5. 


Hourly Positions: 


Time 

Latitude 

Longitude 

Wind Dir. 

Wind Sp. Wave Dir. 
3 04-*7^1 

Wave Hgt 

0100 







0200 







0300 







0400 







0500 







0§00 







0700 

/ 9 

zJ” 





0800 

Cr a XV'M 

n / 7^ 





0900 

ir 

/ # 


/ 7 



1000 

4 2 . 



/ » 



1100 

4 7 

/ 9 





1200 


/7# ^ 


00 



0300 

;Tf 

-f 7 


43 



1400 

y C' y ^ 

•4 1 


HI 



1500 

7 f 

U" 


HI 



I6l00 

2.1 



JV 



1700 

.j>7\ 



xg 



1800 


.. > 7 ... 


. . 



1900 

... 3-7 

it 


oi 



2000 




f 



2100 







2200 







2300 







2400 
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Pat e 2 ~fj? 4 f/C '/ 
Organization ftp A ’ / 


shi p ya g . 13 . (__ni) 

_ Recorder ’ V ± v 


Cruise No. (1 


Sunrise: Tim e Q py ~ , Position: Lat. g‘~’ ^ ' ,U_ , Long • iyV 

Sunset: Time / ' 1 JL 3 Position: Lat. /g> 1 D-P tA^ Long. /&>£ 


Miles travelled from 0000 hours to sunrise = AS 


Miles travelled from sunrise to sunset 


Miles travelled from sunset to 2400 hours 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 

2 . 

3 - 

4 . 

5 . 

Hourly Positions: 


Time Latitude Longitude Wind Dir . Wind Sp . Wave Dir . Wave Hgt . 


0100 







0200 







0300 







0400 







0500 







0600 







0700 

% 5 X' 

to ^ f c ^ 





0800 

Aj £ p 2 V 






0900 


A is 





1000 


&S -T2 





1100 







1200 


tos 4 0 





1300 


31 





i 4 oo 

9*43 

/6g 2.9 





1500 

sc 






1600 

<? & % 

1 9 



■ 


1700 

1 OVS 

lA 





1S00 

. W > ~l 

O? 





1900 

11 >d 

O Co 





2000 







2100 







2200 







2300 







2400 








= \Q<? 
= 
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Cruise Ho, tfr / 


g, < 

Pate J 2 > Apf;U-/Q6 ? Shi p j 9 ( «^Y ) 

Organization Recorde r • - V 

V f 

Sunrise: Tim e r " ') Position: Lat. K ') V , Long J £"%' 0 , J 

Sunset: Time ' 7 7 Position: Lat. / 2 " 4 7 'a/ , Long. -f/? 


Miles travelled from 0000 hours to sunrise = 


Miles travelled from sunrise to sunset = / / 2 _ 

Miles travelled from sunset to 2400 hours = 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 


1 . 

2 . 

3- 

4. 

5. 


Hourly Positions: __ 

04$ 

Time Latitude Longitude Witid-Dl av - Wind Sp . Wave Dir . Wave Hgt . 


0100 





1- 


0200 







0300 







o4oo 

i 0 y 






0500 







0600 







0700 

U 1/ V 

Mr 3 0<2 v / 





0300 

h* xi' 

I.O% V 0( 





0900 

ir 

n 





1000 

4 % 

nr ?. Ob 





1100 


3 ? 





1200 


3 / 





1300 

/ 2 l C'(r 

2 vT 





i4oo 

l$L "f’2 " 

19 





1500 

r% * 

10 





1600 

' 

o& 





1700 

xcf ' 

. 01 





1800 

* 

_ 






1900 

At 

SO 





2000 







2100 







2200 







2300 







2400 






— 



958b 

Rev. 


SI-MNH 

9 / 28/66 





























































































Date jL' 8 hpQ Shi p VA t : f s (_ /_) Cruise No. OOf i 

Organizatio n / ■'"V- _ Recorder Sf, ■* _ 


Sunrise: Time_ 

Sunset: Tim e /? / / 


Position: Lat. 74 ? 6 ao 'k>. Long. /4 3 

Position: Lat. /S'’’ 2 c 2 / V, Long. Ms? . 1 ^ 


Miles travelled from 0000 hours to sunrise ~ 


Miles travelled from sunrise to sunset = _J 12 . 

Miles travelled from sunset to 2400 hours = " 


TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 
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5 . 

Hourly Positions: 
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Dat e JZ. /Z Shi p //' ■ Q ( 3 [ < ) Cruise No. C r ( 

Organization^ Po P Recorder < CiL d 'i/ 


Sunrise: Time 

Position: Lat. //„ ' / , 
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Sunset: Time ' i 

Position: Lat. J , 

Long. / ■ ' 

— -- »■■■ —■—. ..i.. .. —*— — ■ ■ - ■ —-—-- 


Miles travelled from 0000 hours to sunrise = 

Miles travelled from sunrise to sunset 
Miles travelled from sunset to 2400 hours 
_TIME OF FIX TYPE OF FIX LATITUDE LONGITUDE 
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